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A comparison of background reference values for surfilce soil at Charleston Naval Basc. 

I. Surface soil (mg/kg) 6·9·97 

Inorpni~ Zone A ZoncB :l.om: C ZoneD Zon.E ZoneF Zan. a lone Ii Zonel 
chemical (n~13) (n=15) (n"45) (n=6) (nz25) (n=6) (n-6) (n-I04) (n=15) 

Aluminum Il800P IS500P 9990P 8700M 26600P 26000P 27400101 

Antimony ND X O.SSN 0.92M I.77N X ND 

Aruni~ 9.44P 17.1 P 14.2 P 5.SSM 23.9N 15.6 P 21.6P 

Barium 53.0P 98.7P 77.2P 30.1 M 130P 4O.3P S4.2P 

Beryllium X 1.23 P X 0.19M 1.7P 1.37P 0.9SN 

Cadmium X ND 0.65 N 0.07M l.SN 1.05 N 0.61 N 

Chromium SO.4P 7S.7P 26.4P 12.4M 94.6P 59.1 P 34.SP 

Cobalt 4.4N 21.9P 3.22 P 9.46M 19.0P S.86P S.8N 

Copper 16H nsp 34.7P 40.6M 66.0P 27.6P 240P 

Le8d 140P 1l4P 330P 18.8M 26SN 118 P 20JN 

Manganese: 98.1P 464P 92.5P 28.6M 302N S8lP 419N 

M"",utY O.3N USN 0.24N 0.05M 2.60P ,.. AO': 'D 
\I.-.U"I ... t\ A"'U 

V."T' ... "" 

Nicbl I3.SSP 43.6P 12.3 P 4.68M 77.1 P 33.4 P 23.9P 

Selenium 1.2N 2.8N I.44P 0.91 M 1.7N 2.0N 1.49 P 

Silver ND 1.7101 X O.4lM X X X 

Thallium ND ND ND ND UN I.1N ND 

Tin ND 14.8N 2.9SP ND S9.4P X 7.SN 

Vlmadium 29.24 P 52.6P 23.4P 9.73M 94.3P 73.0P 113P 

Zinc 207.6 P 366P IS9P 2S.IM 827P ll4 P 106P 

I Cyanide U 
~~ ...... I 

,,~ ...... I "'" .. ~ I 0.1! .M O.SN ND ND I I I , , , 

Notes: 
P Parametric U1L 
N Nonparametrlc U1L 
X No UIL calculated (ND>9O%) 
M Twice the mean 
ND Not detected 
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A comparison of background reference values for subsurface soil at Charleston Naval Base. 

IT. Subsurfa.c-e soil (mg.lkg) 6-9-97 

lDorpnio ZonoA ZoneB Zonec Zon.o ZoacE ZoneF ZancG Z .... H Zonol 
""","cal (11'-12) (11-14) (.-30) (-) (n-24) (0-6) (11"4) (!Ril) (11-6) 

AI........" 28240P 17700 , 23700' 10300 M 41100 P 46200 P 18900101 

Aotimooy NO X 0.921'1 NO 1.61'1 X NO 

AlMDic 9.836 P 10.8 N 14.11'1 4.01M 1'.9P 22.'P 6.4'M 

Barium 40.01 P liS.ON 68.' P 29.7M 94.1 P 43.IP 36.01.1 

Beryllium NO 1.61P 0.981'1 O.7$M 2.11P I.62P O.67M 

Cadmium NO NO 0.281'1 0.31M O.96N 1.1 N 0.S4M 

Cbromi""m 6)~4 P "~1 N 12.' P 22,3M ",2N 14.2 P '1.3M 

Cobalt 1.71'1 10.61'1 7.1 N 2.I9M 14.9N 14.9 , 3.48M 

Copper 3].69 P 47.0P 42.l P NO 1'21 31.6P II.'M 

.... d 22.01 , 145 P 73.2P 7.81101 173N 68.7P 12.3M 

Manpnae 1",4, 288N 100P 29.9101 181 , 1.410 P 111M 

Merwry NO 2.01'1 0301'1 O.OSM I.S9P 0.735 P NO 

Ni~ .. l 35.0P 29.9N 16.1P 1S.76M 51.0P 29_9P U.7M 

Selenium 1.74 P 3.11'1 2.90N I.46M 2.4N 2.71'1 1.77101 

SHyCI' x UN NO 036101 NO X NO 

TballiWII NO NO X 0.57101 NO 1.3 N NO 

Tin X 1.3 N 2.37P ND 9.23 P NO NO 

Vanadium 77.32P 102N '6.91'1 IS. I M ." P 132P 38.1 M 

Zinc 164.6 P 23KN 243' 30.' M 816P 130 P lUM 

Cyuido NO NO NO 0.16101 X NO NO 

Notes: 
P Pa..woam=tric LIT' ..... 
N Nonparamctric un.. 
X No un.. wculated (ND>9O"Ao) 
M Twice the mean 
ND Not detected 
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A comparison of background reference values for shallow groundwater at Charleston Naval Base. 

m Shallow lS' oundwatei (ug/L) 6-9-97 

Jnorpnic Zone A ZoneB Zonec ZoneD ZoneE ZoneF ZoneG ZoneH Zone! 
chemical (n-12) (n-4) (0~8) (n-I) (rlOO) (0-2) (n=2) (0-44) (0-76) 

Alwninum 3210M 410M 1410D 2810P X 1440N 

Antimony ND ND ND X ND X 

An<.'IIic 704 N 6.07M 5.4D IS.7N 2i.S P 23.0N 

Barium 104 1.1 J6.7M 17.6D 2111' 3231' llOP 

Beryllium ND O.33M 0.8D 0.43N ND 1.1 N 

Cadmium. NO ND ND X ND X 

Chromium 8.7M 1.99M 3.8D 12.3N ND 14.3N 

Cobalt ND 1.33M ND 2.SN X UN 

Copper IS.7M 1.9M ND 2.7N ND 4.4N 

Lead 4.7M 3.27M 3.8D UN 4.7P 4.4N 

Manlancse S77N 6081.1 30.6D 2560N 2440P S460P 

MereUI)' NO ND NO X ND X 

Nickel ND 3.S9M 3.4D IS.2N X 13.3 P 

Selenium ND NO NO X 3.2P ND 

Silver ND 126M ND X ND X 

Thallium ND ND NO S.4?N S.3?N 6.6?N 

Tin NA ND ND X NO X 

VlIII84ium SAM 1.96M 7.2 11.4 l' X 14.1 I' 

Zinc 83.2M 13.2M ND 27.3N ND 24.4N 

- ... ~ ...... , ICyamde II NO ND 7.9N To. 

Notes: 
p Parametric Un. 
N NODpanuneIric UfL 
X No un. calculated (ND>9O"/o) 
M Twice the mean 
NO Not dctcc:lcd 
NA Not analyZed 
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A comparison of background reference values for deep groundwater at Charleston Naval Base. 

6-3-97 

Tnorganic Zone A ZoneB Zonec lDneD ZoneE ZoneF ZoneG ZoneH 7..Dne I 
chemjcal (nz I2) (n-2) (n-8) (n-I) (n-lOO) (0=2) (0-2) (n-44) (n-76) 

Aluminwn 24~M 22.2M NO 319N 723MN 

Antimony NO NO NO X NO 

Arsenic 11.1 N NO 8.4D 16.4N 8.2N 

Barium 179111 S2.2M 31.8D 21SP 2J7P 

Beryllium NO O.32M NO UN NO 

Cadmium NO NO NO X X 

Chromjum 7.3N NO NO IBN X 

Cobalt 12.1 M NO NO IBN 3.2MN 

Copper S.8M NO NO X NO 

Lead NO NO NO X 4.3MN 

Man_ 2,690N 147M 320D 869P 998P 

M=UIY NO NO NO O.2N X 

Nickel 21.1M NO NO 42.2N X 

Selenium NO NO NO X 2.IMN 

Silver NO NO NO X ND 

Thallium ? NO NO 6.S?N x 

Tin NA NO NO X NO 

Vanadium 10.9M O.S4M NO S.3N 9.3MN 

Zinc 56.2M NO NIl 11.8N X 
- -- - ..... ~ .. .~ 1 Cyanide n O.OSM 1 .... '" NO NO H • .lN 

Notes: 
p Parametri~ UI'L 
N Nonpammetric UI'L 
MN Modified nonparametric UI'L 
X No UI'L calculated (ND>90%) 
M Twi~ tbe mean 
NO Not detected 
NA Notanalyzcd 
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A comparison of background Values for surface soil at Charleston Naval Base. 

I. Surface soil (mglkg) 4-28-9; 

Inoraanlc Zone A ZoneB Zonec ZoneD Zone l! ZoneF ZoneG ZoIIeH Zone I 
chemical (n-13) (n-IS) (11'"44) (n-6) (~2S) (n-6) (n-6) ("..104) (nBIS) 

Aluminum 12800 P . I 5500P ·26600P. 26000P 

Antimony . NO X l.77N X 

Arsenic 9.44P 11.1 P 23.9N - lS.6P 

Barium S3.0P 98.1P IJOP 4D.3P 

Beryllium . X 1.23 P 1.1P 1.31P 

Cadmium. X hL> 1.SN 1 nil:. 'LT 
.L.V'" .a.'111 

Chromium SO.4 P 1S.1P 94.6P 59.1 P 

Cob41t 4.4N 21.9P 19.0·P S.86P· 

Copper 165P 22SP 66.0P 21.6P 

Lead \40 r. \141' 265N liSP 

Man_ 98.11' 4641' 302N 583 P 

Mercury O.JN USN 2.6P 0.485 P 

Nickel \3.55 I' 43.6P 77.1 P 33.4P 

Selenium 1.2N 2.SN 1.7N 2.0N 

Silver NO 1.7N X X 

Thnlliwn NO NO 2.8N I.lN 

Tin NO 14.8N· S9.4P X 

Vanadium 29.24 P 52.61' 94.3P· 73.0P 

Zinc' 207.6P 3GGP 8271' 214 I' 

Cyanide NO. NO O.5N NO 

Noles: 
P Parametric UTL 
N NOllparainelric UTL 
X No UIL calculated (ND>90%) 
M . Twice the mean 
ND Not detected 



.. 
To: <BASSET.JA~pamail.epa.gov>, ~ 

<bkstockmaster@efdsouth.navfac.navy.mil>, 
<Dearhart_Earl_R@mlink.repair.navy.mil>, 
<dlfontenot@efdsouth.navfac.navy.mil>, 
<mahunt@efdsouth.navfac.navy.mil>, 
<Tunstall_Jerome_N_K@mlink.repair.navy.mil>, 
<TapiaJM@columb34.dhec.state.sc.us>,<dbackus@ensafe.com> 

From: thaverkost@ensafe.com 
Cc: 

Bcc: 
Subject: Todd, -Reply 

Attachment: Headers.822 
Date: 2/25/97 2:37 PM 

Johnny, 

AS for background organics we feel like this has been settled to with 
the agreement that we weren't using the data for screening but rather 
just discussing in the risk uncertainty section. It was on the 
agenda because I asked Daryle to put it on before I went back and 
looked at decisions already reached. We would like to talk about 
several aspects of the inorganic background. Barry faxed out a memo 
in which the arsenic background was calculated seven different ways 
for zones B, C, H, and I. We would like feedback on which method 
appears to generate numbers you can live with. At the 60% progress 
update for F and G more background numbers were presented for those 
zones. Are they acceptable or do we need to provide you more info?=20 
There was also another memo that has been generated which identified 
background values above RBCs that was done at Jay's request (I 
think). I hope this helps you prepare for the discussion. Let me 
know if you have any more questions. 

Todd=20 

»> "TapiaJM@columb34.dhec.state.sc.us" 2/25/97, 03:21pm »> 
Received: from IPCDOM01-Message_Server by gw.state.sc.us with 
Novell_GroupWise; Tue, 25 Feb 1997 15:10:55 -0500 
Message-Id: <s31300ff.016@gw.state.sc.us> 
X-Mailer: Novell GroupWise 4.1 
Date: Tue, 25 Feb 1997 15:13:11 -0500 
From: Johnny Tapia <TapiaJM@columb34.dhec.state.sc.us> 
To: bkstockmaster@efdsouth.navfac.navy.mil, 
dlfontenot@efdsouth.navfac.navy.mil, 
mahunt@efdsouth.navfac.navy.mil,DBackus@Ensafe.com, 
THaverkost@Ensafe.com, BASSET.JAY@epamail.epa.gov, 
Dearhart_Earl_R@mlink.repair.navy.mil, 
Subject: Todd, 
Mime-Version: 1.0 
Content-Type: text/plain 



Content-Disposition: in~e 
'Todd, 

I need to know what the discussions about background are going to 
focus on. 

For organics I thought the matter was settled. 

For Inorganics I need to know what you are looking for to move 
forward in the 
process. 

Johnny 
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MEMO 

TO: 
FROM: 

RE: 

2-20-97 

• Pr()jictT~~lllmc:lllbers 
. EnSafe . 

Benzo(a)pyrene.and total BEgs atAOC 507 in ZqneB. Inforlllati9~~pecifica.lly 
requested' at Project TtlalllMeetin~ of2-11 ~97appeaisin boldface type. 

C(Jncen~raii~'!~i'!.4pCS07upper interva[soi1samples ....... '" .. 
B~IlZ()(a)pyrene and totlilBEQswereliete.sted· at8 ofJ 3uppi!t interval~9P~~111pling locations 
.and Oof 510werinterval locations atAOC 507; Concentrations in llpperinierval· salllpies wer~ .llS 
follows: ' . 

S07SB00201 
50781300301' 
507SB006Ql 
507SBOihol ' 
507SB0080 1 . 
507S1301101 
507~I301201 ,. 
507SB01301 

Benzo(a)pyr<;ne 
230 J.lglkg , 

1200 " 
170 
150 " 
730 " 
360 " 
290 " 
330 " 

TotaFBEOs 
272j.lg(lcg .... 

1544 " . 

214 " 
196 " 

1225 " 
426 " 
335 " 
402 " 

···.AtAOC 507, theiollc.entra~io~ .ofbeirl;Q(a)pmme •. a.nd/or.tolI11IJl:Qscorresptiriding. to 
·lE~06riskis(i().Ifg(kg,whichis .. the.~esidential··RGO; •.•.. 'l'lIc:c?nc~~tr~tioncorresPQnding.t() ....•...•... 
l.E::O~.~i~.~ .•• j~ .. ·.6?0.·J.lg/l<g'.' ••• Ihe.se.ris~. calcuIations·.·includethe •. dEll1l1,afpat~)Vay.as.w~ell~s •• ingestion . 

•• ·S incetherEl'.~~i9n~lllP ··of risk .to concentration .i.s.consiPElrelit9be .lint:ar, theiIisk corresponping 19 
a~yc9nc:en.~fliti.9nofbc:nzo(a)pyreni! (Jrtotal BE<:2s inupperinterval.soil.atAOC· 597. can~El 
expressed as: . . -,. . .. . . . 

-,-' ---- -.,----.-

or· risk";([t(Jial~:EQsl[6QHglkg)x(1E:-Q6)' 

iCC9r~i,)9}oth~,f()f;hhl8.sab()ye,.riskpa~~~p')iot8J~¥QSin!heli~~e4s!!wpl~~~rA.f~p .56~, ... '.. ". 
rlinges.frplll 3E-06(for' salllple.5p7S~O(701) to)E:05forsalllpl~5Q7~B0030n:Since EPA risk 
assesslllent .guidll~cerequ,irescolll()iningthe ~ffects. ofEarcinogenlc'P AHs to 'calculate •. ri~k, 
sepill'ate calculations.were·.nqt.perfoT')ledfor benzo(a)pyrelle: 

1 

c0/10"d [v0vlS8616 3~I:ISN3 [S:ll ~661-1c-a3~ 



.' "~I 

-- -
- - -

Concentraliol1§/llgrid-qasedsoi! samples _- __ _____ _ __ _ _ .... _. .' . . ... ' 
. Bell:Z0( a)pyrenewasdetectedin 20f 15 upper interval soil grid sample~andO of 14 low.eriD.terval 
~oiI':-,~,~id "sa'inp~'e~,:~::': :',~,sta!, BE(~'~.'\l/ere detecteq in'the,- samejvvo~-uppei', intef'!~J.:~oiLsamples "and -in 

. one lowerjnterval soil sample. Concentrations in soil grid samples were as follows: 

GDBSB00601 
GDBSBO()80 1 
GDBSBOl302 _ 

Ben:;:o(a~pyrene 
2lQi-Lglkg 
150 " 
ND 

'. TotalBEQs 
272,uglkg 
179' " 
19 " 

Bq4g~Olmdrefel:ellr;eyqlue~ ... , ..... .... .'. . 
··Bacl<groundreferen(:evalueforbenzo(a)pyrene in Zone Rupperjllterval soil, based on 
twket.he mean value, using zeroJo.·nondetects: 

• Meallconcelltration =(360 ,ug/kg) (15= 24,uglkg iff!.;, 
- - ---

r\Viceth~ll1 ea,Il=.4 8j.l gll<!:. . •.• \"?l;, (.B:-~$identialRBC forbenzo(a)pyrene= 88 ,ug!kg) 

.Backgrol.llldreferel1cevlllueforiota[13EQsih·Zone.Biipperi~ierVal.iloil; pased on f\vice the 
~o..." .... -:t",l".o. ...... ;2"On '7'c.r" +'n;':~,..nrl~t"'""""'~:· 
J~I~~~,I :'IIcu .......... ,_ ",,allIC "' ..... ' "",,,.LV,I._ IIV.LI"' ..... "'''' .... '';" 

Mellrl concentration"; (451 :44) I IS = 3001 

Twice the mean =60 f.lWkg (R.esidentiaiRBCfor total ~EQs:= 88j.lg/kg) 
. ,,' . 

. ii!Je •. ~esid~9iiai~S(~$·.ff~~)fq~ •• ~~11:zo(~)pyrene<lndloito~al •. BgQs.c()n5ider5 •. ih~.inge5ti()n .•. ' 
pathwa~only,.\>,Ihile theRGo (6(),u,glkg)forA.9G SQ7 cOJ1siqersbpthingestion and derlllal.·· 
I?ath\>,iays:. .' . . . . ..... '. 

2 

, r', 

:,." 1'''' __ 
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DaveBackus 
Jay Bassett 
Paul BergstraDd 
Bobby Dcarbart . 
Daryle Fonrenot 
Todd Havcrkost 
Tony Hunt 
Ann Ragan 
Brian Stockmaster 
Johnuy Tapia 
Kevin Tunstall 

ENVIRONMENTAL AND SAFF:fY DESIGNS, INC. FAX 
5540 CenterView Drive, Ste. 205 

Raleigh, NC 27606 

Phone 919-851-1886 
Fax 919-851,.4043 

Bauy Doll February 14, 1997 

The tables prescnt calculated background reference values (from previously submitted RFl reports) that 
exceed corresponding residC1rtia] RBCs; generic SSLs, or tap water RBCs. 

£0/10'd £v0tlSB616 3=i\:lSN3 
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2-14-97 

The following tables present selected background reference values iTom previously submitted RFl 
reports on Zones A, B. C, If, and I at NA VBASE. The values shown are. all those that exceed 
cocrespondihg residential RaCs (for upper interval soil), generic SSLs (for lower interval soil; 
assumes DAF o(20), or tap water RBCs (fur shallow and deep groundwater). RBC and SSL values 
for chromium ate shown with asterisks because they represent hexavalent chromium. :while the 
calculated background reference values are based on total chromium analyses. Figures for iron were 
not. tabulated hequr,., iron has been oonsidered an essential nutrient. RBes for noncarclnogeos have 
been divided by 10 (1HQ ~ 0.1) to allow for possible additive etrects ofmultip1\l contami"nants. 

Upper interval (surf ate) soil: 

Aluminum 7.800 12,786 15,500 10,017 25,310 

3.1 8.98 

Arsenic 0.43 9.439 17.1 24.96 14.81 73.5 

Beryllium. 0.15 1.34 1.466 3.17 

Chromium 39" 50.43 80.2 85.65 131.6-S 

180 589 636.4 1,980 

Thallium 0.63 0.63 

Vanadium 55 156 77.38 114.16 

;'1 , I It', , ._ _ _ ~ ... _ ~ -v RI 
tlU-,J .. ¥.';. """II- '71(1-', ~;. Y,",', '/./',.~./'-<"i 'V~ ..... ,~ 

Lower interval (subsurface) IOU: 

Arsenio 29 48.9 35.52 

Chromium '. 38* 175.7 75.7 83.86 

Thallium 0.7 1.3 

Background referenoo values were. not calculated for Zones C and I. 

,]J' ) 
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ShaDow groundwater: 

0.045 53.5 27.99 35.01 

Barium 260 323 393.57 

Manganese 84 378.5 557.4 23,445 

Thallium 0.29 7:66 

Because no monitoring wells were installed at the only site in Zone B (AOC 507), no 
groundwater background reference values were calculated for the zone. 

Deep groundwater; 

0045 10.67 14.98 

84 2,786 776.2 

104'>'-' .. 

. -k " 
Thallium 0.29 " C,f J . 

L.::=:::'_...JI._-~-....L.--~-~,-n'~4,~"3 ( , :;k,;;~;.""tlv. ec .. ' r'~" 
. Beca\I$C no deep monitoring wells were installed at any sites in B, C, or I, no deep j" J,.yy~JI " w,/' "1" 

groundwater background reference values were calCulated for those zones. b.o wt~.t ~"T(, :'., Te'· 



. 

2-14-97 

The following tables present selected background reference values from previously submitted RF! 
reports on Zones A, B, C, H, and rat NA VBASE. The values shown are all those that exceed 
corresponding residential RBCs (for upper interval soil), generic SSLs (for lower interval soil; 
assumes DAF of20), or tap water RBCs (for shallow and deep groundwater). RBC and SSL values 
for chromium are shown with asterisks because they represent hexavalent chromium, while the 
calculated background reference values are based on total chromium analyses. Figures for iron were 
not tabulated because iron has been considered an essential nutrient. RBCs for noncarcinogens have 
been divided by 10 (THQ = 0.1) to allow for possible additive effects of multiple contaminants. 

Upper interval (surface) soil: 

Aluminum 7,800 12,786 15,500 10,017 25,310 

Antimony 3.1 8.98 

Arsenic 0.43 9.439 17.1 .24.96 14.81 73.5 

Beryllium 0.15 1.34 1.466 3.17 

Chromium 39* 50.43 80.2 85.65 131.65 

Manganese 180 589 636.4 1,980 
. 

Thallium 0.63 0.63 

Vanadium 55 156 77.38 114.16 

Low·e. interval (subsurface) soii: ~ 

Arsenic 29 48.9 35.52 

Chromium 38* 175.7 75.7 83.86 

Thallium 0.7 1.3 

Background reference values were not calculated for Zones C and 1. 



Shallow groundwater: 

II ~ 
I Element I 

1 ap water 
RBC Zone A ZoneC ZoneH Zone I 

Arsenic 0.045 53.5 27.99 35.01 

Barium 260 323 393.57 

Manganese 84 378.5 557.4 . 3,391 . 23,445 

Thallium 0.29 7.66 

Because no monitoring wells were installed at the only site in Zone B (AOe 507), no 
groundwater background reference values were calculated for the zone. 

Deep .groundwater: 

~ .. ··.<I ~ ··ZblleA 

Arsenic 0.045 10.67 14.98 

Manganese 84 2,786 776.2 

Thallium 0.29 165 . 

Because no deep monitoring wells were installed at any sites in Zones B, C, or I, no deep 
groundwater _background reference values were calculated for those zones. 
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MEMO 2-10-97 

Zone R grid-based upper intl~rval soil samples (n=104): Background reference concentrations of cPARs 

Background reference concentration expre:ssed as 2 x mean of sample concentrations. 

Methods for handling nondetect values: , 
Method A: Substitute the lesser of one-halfthe SQI6f'the sample or one-half the lowest I-qualified value among the grid samples. (_"i'j>~' .I) 
Method lB: Substitute as above in all samples with any cPAH det,ections; for samples with all seven cPAHs not detected, substitute zero. 
Method C: Substitute zero for all nondetects. 

E I I Method A 
i 

MethodB Me:LlJod C 

I 
No. of ND ~:=I2xMean ...•.. Detects Estimator RBC Mean 2 xMean . Mean 2 x Mean 

Benzo(a) anthracene 17 24 880 116 232 96.4 193 96.0 192 

Benzo( a )pyrene 16 40.5 88 125 249 91.5 183 90.3 181 

Benzo(b )fluoranthene 14 20.3 880 122 244 105 211 104 209 

Benzo(k)fluoranthene II 44 8,800 123 247 87.4 175 84.0 168 

Dibenz(a,h)anthracene 7 42 88 54.5 109 20.1 40.3 15.3 30.6 

Indeno(I,2,3-cd)pyrene 12 47 880 82.2 165 43.8 87.6 40.7 81.3 

Cluysene 18 25 88,000 121 243 101 202 101 201 
! (All concentratIOn values expressed ill /.Iglkg.) 

I I I !p'" "'- I . • \. , 'I"~ ' 
£.. d, " •• (0 1Jv,~'~-\ .,; '- CA,. "'C"\"I,\ 

\ . , 
Using Method A, only benzo(a)pyrene and dibenz(a,h)anthracene have background levds higher than their RBqs; using Methods Band 
C, only benzo(a)pyrene has a background level higher than its RBC. '. IL I· I I."" 13,.TI 

r1N VJIY ~-G - r- ~ 

1 s.!:-, b-r'f{ ~ Zo:.f1.w 0 {It-
'7.//1 . / VI i:.w r,,k. 
&0'1 !AU '))'10'<, 



MEMO 2-10-97 

Suggested alternative method for calculating background reference values for arsenic and 
beryllium. 

The UTL approach (specifically, UTL95 95) has served as an effective screening tool for 
concentrations of inorganics in individual soil and groundwater samples in all of the investigatory 
zones where it has been applied at NA VBASE. Due to the large RBC exceedances of arsenic and 
beryllium, however, a somewhat more conservative screening method may be appropriate for these 
two trace metals only. EnSafe recommends that a statistically based approach continue to be used 
because the variance of the background dataset is always a critical factor in distinguishing 
contamination from ambient conditions. We suggest that using the lower of UTL90 90 and mean plus 
two standard deviations as the background reference value for arsenic and beryl1iu~ in both soil and 
groundwater might be appropriate. The effect of the alternative formulation.would be to keep the 
tolerance factor from rising too high in small datasets. For a UTL9090, the tolerance factor exceeds 
2.0 when datasets are smaller than n = 12. Freezing the tolerance factor at 2.0 prevents inflated UTLs 
due solely to the size of the dataset, at the cost of some loss of coverage and/or confidence. When 
n ~ 12, use of the UTL90,90 should produce a false positive rate of roughly 10%; for zones with 
smaller background datasets, it will be somewhat higher. 

At.pplication of the recommended method produces the following background reference values for 
arsenic in upper interval soil: 

ZoneB 
ZoneC 
ZoneH 
Zone I 

12.3 mg/kg (previously 17.1) 
13.1 mg/kg (previously 26.0) 
12.6 mg/kg (previously 14.8) 
18.8 mg/kg (previously 26.4) 



Background reference \'2.1UCS for arsenic in upper interval soil at NA \'BASE. 2-7-97 

A companson ofpossibfc mclhods for calclliating background reference values, showing results of applying them as screening values to upper interval gridl 
samples and sile snmp/es in each of four zones (all s:ilc samples combined for each Wl\~). Zone B grid-based dataset excludes four samples collected OU! 

Ihe golf course. Grid mid siCe exceedances of background reference \'ailles are shomt as both percentages and actual numbers (in parenlheses). 

··,;· .•. ··.·.·.··1· •. ··· .. ·.· ..•. ·.·.· .. ·•·•· ···c 
Grid ..••. 

1 "'"'Sample, •.... 

10.'11 · JI.'45 

I 
Grid % Ilils <. , .' 69% 

· Si[1: 
! 

5:5 

Hcts:'SampJes 

Site ~ ...... Hits IOOo.·{, · 

· 
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I I 
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'. 
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,"""(ltes: 

BRV Background 'freltllee value 

UfLys.9" Upper Coler8.nce limit \\'ith 95% coverage, 95% confidence-

••••••• 

75.'I07i II 
.... 

4t;·., (4) 

4% (4) 
..... 

4% (4) 
, 

()t;.~ (6) 

4%(4) 

" 3~,'o (3) 

11% (12) .. 

15.(. 

15.2 

13_0 

\2.6 

16.1 

18.4 

11.7 

2021270 

4%(4) 5% (14) 

5% (5) M·, (16) 

10%(10) 9~~{' (24) 

10%(10) 10% (28. 

3%(J) 5% (13) 

1%(1. 3'% (8) 

11%(11) 13",.(35) 

14/15 

93~··Q 

~. 

85% 

lr:'.(;,j~t 
!_~~~_s.:; 

. .. 26.4 0 4%(6) 

.q 23.7 0 5"1. (7) 

. ~ 20.8 0 5~; (1') 
:~ 

H 18.8 1~';' (1) 6% (8,) 

::- '~ 
20.1 0 6%(8) < 

19.7 1%(1) 6%(8) 

I" 11.9 7%(1) 11% (16) 

" . m 
1:0 

I .... 
IS) 
I .... 

'ill 
ill 

"'" .... 
U1 

~ 

( , 
m z 
IJl 

~ m 

ill .... 
ill 
OJ 
U1 .... ... 
IS) ... 
w 

" IS) 
(J\ 

"-IS) 
(J\ 



MEMO 

TO: 
FROM: 

RE: 

-
Jay Bassett, US EPA, and Project Team members 
Barry Doll, EnSafe (Raleigh office) 

1/23/97 

Question posed at January project team meeting: "How many samples do we need 
to collect to have confidence in our background reference values?" 

Jay, since I did not get what I consider to be a straight answer from our resident statistician, I'm going 
to attempt this one myself. Naturally, the answer is that the question cannot be answered as posed. In 
fact, it need not be answered, because we can predetermine the confidence level of the background 
value when we design it. 

If we calculate a background reference \'alue based on a statistical concept such as a 95% upper 
tolerance limit (UTL), it will always have a specified confidence level. Increasing the number of 
background data points on which the value is based would have one of two effects, depending on our 
approach: 

1. Retain the existing UTL but (usually) increase the confidence level that it is correct (e.g., from the 
original specified 95% to perhaps 97.86%). 

2. Retain the original specified confidence level but (usually) decrease the size of the calculated u'TL. 

By specifYing a standard confidence level of 95% for background values in each zone at the Naval Base 
(i.e., we are 95% certain that our UTL is greater than 95% of the concentrations in the background 
population), we take the second approach described above. The value of each calculated UTL depends 
primarily on the sample concentrations, but secondarily on the sample size. Increasing the size of the 
dataset gives more confidence that the population has been sampled adequately, so that (usually) a 
somewhat lower value can serve as our UTL without sacrificing confidence in its accuracy. A larger 
dataset normally increases the accuracy of our estimates of the population mean and standard deviation, 
and therefore of the UTL; unless the original dataset was biased low, the result should be a lower UTL 
with equivalent confidence, reflecting our increased understanding of the data distribution. 

Because we use the conventional approach of specifYing our confidence level, the number of 
background samples in the dataset does not affect our confidence in the calculated UTL. What is 
affected by the number of samples is the size of the UTL: for a small background dataset, the value of a 
UTL must be set relatively high to ensure that it encloses the desired percentage of the population with 
95% confidence. I have attached a table of tolerance factors for calculating one-sided normal tolerance 
intervals with 95% coverage and 95% confidence. The upper bounds of such intervals are UTLs such 
as the ones EnSafe uses to determine background reference levels at the Naval Base. Calculate a UTL 
by multiplying the sample standard deviation by the tolerance factor and adding the result to the sample 
mean (UTL = x + Ks). The table should give a feei for the effect ofihe sarnple size on tIle lJTL. 
Whether a UTL with the above parameters (95% coverage, 95% confidence) that is based on a small 
dataset provides a reasonable reference value for background is, of course, a management decision. 
Other possible options for small datasets (i.e., fewer than 8 to 10 data points) include the use of the 
maximum observed value or twice the mean of the observed values as the background reference value. 



Background refer,ence values for arsenic iin upper interval soil at NA VBASE. 2-7-97 

A comparison of possible methods for calculating background reference values, showing results of applying them as screening values to upper interval grid 
samples and site samples in each of four zones (all site samples combined for each zone). Zone B grid-based dataset excludes four samples collected on 
the golf course. Grid and site exceedances of background reference values are sho\\n as both percentages and actual numbers (in parentheses). 

Zone . B C H . ..•... . ... I 

Grid 10/11 31/45 931104 14115 

Hits/Samples 

Grid % Hits 89% 69% 89% 93% 

Site 5/5 751107 202/270 1221144 

Hits/Samples 

Site % Hits 100% 70% 75% 85% 

BRV Grid 
,., '.' . 

... llte 
•.... 

BRV Grid Sitc:- BRV Grid Site BRV Grid Site 
(mg/kg) Exceeds. Ex,,""dS. (mgikg) Exceeds. Exceeds. (mg/kg) Exceeds. Exceeds. (mg/kg) Exceeds. Exceeds. 

UTL9S,9S 17.1 0 0 26.0 2% (I) 4% (4) 15.6 4%(4) 5% (14) 26.4 0 4% (6) 

UTL9S,90 14.4 0 0 22.6 2% (I) 4%(4) 15.2 5% (5) 6% (16) 23.7 0 5% (7) 

UTL90,9S 13.6 0 0 I 14.9 7% (3) 4%(4) 13.0 10% (10) 9% (24) 20.8 0 5%(7) 

UTL90•90 12.3 9%(1) 0 13.1 7% (3) 6% (6) 12.6 10% (10) 10% (28) 18.8 7% (I) 6%(8) 

Mean + . 12.3 9%(1) 0 ...•. 23.0 2%(1) 4% (4) 16.1 3% (3) 5% (13) 20.1 0 6%(8) 

2 Std. Dev. . .... I '. 

Max. Value 12.3 9% (I) 0 I 39.4 2% (I) 3% (3) 18.4 1%(1) 3%(8) 19.7 7% (I) 6% (8) 

2 x Mean 8.9 9% (I) 0 8.1 13% (6) 11%(12) 11.7 11%(11) 13% (35) 11.9 7% (I) 11%(16) 

Notes: 
BRV Background reference value 
UTL9S,9S Upper tolerance limit with 95% coverage, 95% confidence 

( 



To: <bergstpm~lumb34.dhec.state.sc.us>,~ 
<brittain.doyle@epamail.epa.gov>, 
<dlfontenot@efdsouth.navfac.navy.mil>, 
<mahunt@efdsouth.navfac.navy.mil>, 
<tapiajm@columb34.dhec.state.sc.us> 

From: thaverkost@ensafe.com 
Cc: 

Bcc: 
Subject: Organic Background 

Attachment: Headers.822 
Date: 12/30/96 4:08 PM 

As promised at the last meeting we are providing the calculated 
carcinogenic PAR background values for zones in addition to zone H 
which was calculated at 424 ppb. =20 

The values calculated using the 2X method as are as follows: 

Zone A - 590 ppb 
Zone B - 232 ppb 
Zone C - 344 ppb 
Zone I - 160 ppb 



November 8, 1996 

Memorandum 

TO: 
FROM: 

RE: 

Tony Hunt 
EnSafe 

Proposed method for comparing site sample values to background values for 
surface soils. 

Part I - Inorganics (Appears as Appendix J in Final RFI Report for Zone H, NAVBASE) 

Part 2 - Organics 

Substantial background levels of some organic compounds are present in urban and near-urban 
environments. Polynuclear aromatic hydrocarbons (PAHs), in particular, are widely distributed 
in many urban surface soils as a result of airborne deposition. Formed mainly by incomplete 
combustion of organic materials, PAHs have numerous sources, both natural and anthropogenic. 
Specific sources of background PAHs include forest fires and volcanoes as well as vehicular and 
industrial emissions, energy production using hydrocarbons, wood treatment, waste incineration, 
and c-ooldng (Wild and Jones, 1995). Bradley, et al. (1994) documented benzo(a)pyrene 
concentrations averaging 1323 ftg/kg in background samples of surface soil from three urban areas 
in New England. Corresponding concentrations of benzo(a)pyrene equivalents (BEQs) from the 
same samples were 2437 ftg/kg. Responsible risk management decisions and target cleanup levels 
for urban sites must consider the potential for non-site-related concentrations of organics. This 
memo discusses the issue as it relates to carcinogenic PAHs (cPAHs) at NAVBASE, Zone H. The 
seven PAHs known to be carcinogens are benzo(a)pyrene, benzo(a)anthracene, 
benzo(b)fluoranthene, benzo(k)fluoranthene, dibenz(a,h)anthracene, indeno(l,2,3-cd)pyrene, and 
chrysene. 

Determination of background levels for PAHs such as benzo(a)pyrene, its equivalents, and other 
widespread but infrequently detected contaminants poses a greater challenge than determination 
of background levels for inorganics. The lower rate of detection means that little information is 
available on the majority of samples, so that parametric statistical assumptions are difficult to 
verify. Nonparametric methods are more appropriate, but simple tests like the Wilcoxon rank sum 
test for comparing two groups, which was used for inorganics, are not valid where nondetect rates 
are high, since the majority of the data (the non detects) must be ranked as ties for purposes of the 
test. We therefore concentrate on the standard "2 X Background" test recommended by USEPA 
and on nonparametric tolerance limits as discussed in the previous memo (Zone H RFI Report, 
Appendix J) covering inorganics. For illustration, the BEQ results for Zone H surface soil grid 
samples will be examined. Of the 104 samples in this dataset, 18 samples reported detections of 
at least one cP AH. 



The "2 X Background" comparison establishes twice the mean concentration of the background 
samples as a reference standard. To apply this rule, concentrations must be estimated for 
nondetects, which appear in the dataset as U-qualified values. A U-qualified value represents a 
sample quantitation limit, or SQL; the actual concentration in the sample is somewhere between 
zero and the SQL. The Zone H RFI Human Health Risk Assessment recommended using the 
lower of one-half the SQL value or one-half the lowest estimated (J-qualified) detected value as 
the estimate for a nondetect. One-half the lowest estimated detected value is included as a 
potential estimator for the sake of conservatism, since organic compounds are often detected at 
levels well below the SQL. Applying this procedure to BEQ values in Zone H surface soil 
background samples results in an estimated mean concentration of 212 ILg/kg total BEQs, thereby 
yielding an estimated background reference level of 424 ILg/kg. As an alternative approach, using 
one-half the SQL without adjusting (as above) for the lowest estimated detected value results in 
higher estimated concentrations; for Zone H BEQs, the estimated mean concentration using this 
method is 1910 ILg/kg. The mean of the detected concentrations only (no estimated values for 
non detects) is 1430 ILg/kg. This range of estimated mean values (212-1910 ILg/kg) shows that 
calculation of a background number depends strongly on the manner in which censored data 
(non detects) are incorporated. 

Another option for determining a reference standard is a nonparametric tolerance limit, which 
directly estimates a quantile of the underlying background distribution, using the actual data 
collected. l'-~onpilirametric methods generally require greater amounts of data to draw comparab1e 
conclusions, but this approach is possible with the large sample sizes used in Zone H. Calculation 
of a nonparametric tolerance limit is a two-step procedure. The first is to directly calculate the 
equivalent percentile in the sample data, and the second is to allow for sampling variability. With 
an infinite amount of data, we could estimate the desired quantile directly, with complete 
accuracy; when estimating from sample data, however, we must account for variability. 

If we assume that all nondetect values are lower than detected values, the 95th percentile of BEQ 
values in background surface soil samples from Zone H is 1028 ILg/kg. The 90th percentile is 310 
ILg/kg. As explained in the previous memo, the 95th percentile nonparametric upper tolerance 
limit (UTL) for this sample size (95 % coverage, 95 % confidence) is estimated by using the 
second-highest clota vo1ue (USEPA, 1992, Table A-6). For the example dataset, this value is 2006 
ILg/kg. Although a UTL with 95 % coverage has been used as the background estimator for 
inorganics at NA VBASE, a UTL with 90% coverage might be considered more appropriate for 
organic compounds, for added conservatism. Unfortunately, USEPA's statistical tables provide 
coverage percentages for only the largest and second-largest values in datasets of various sizes, 
so that data values corresponding to lower coverages cannot be identified. Nevertheless, the 
sampling variability in this estimate may still be calculated using the statistical technique known 
as the bootstrap'. Applying bootstrap techniques, using the "BCANON" code in the statistical 
language S-Plus (developed by the authors mentioned in footnote 1), an upper tolerance limit for 
the 90th percentile (90% coverage, 95% confidence) was determined to be 814 ILg/kg2

• 

2 



From this discussion, we have three preferred estimators for BEQ background reference 
concentrations: 

Type 

2 X Background 

90% UTL (Bootstrap) 

95% UTL 

Value (}-Ig/kg) 

424 

814 

2006 

Given the relatively high percentage of BEQ nondetects and the greater level of uncertainty about 
the sources of organic compounds in soils (site-related vs. background), the UTL approach that 
was applied to inorganics in Zone H soil could be considered insufficiently conservative for 
organics. If nondetects are treated as recommended in the Zone H Human Health Risk 
Assessment (described above), then a reasonable mean background concentration can be estimated 
for the grid samples. As recommended by USEPA in other situations, twice the estimated mean 
background concentration would serve as a conservative background reference value. 

Analysis of their spatial distribution and frequency of detection, along with knowledge of potential 
offsite sources, allow us to differentiate with some confidence between background presence and 
widespread site-related contamination by organic compounds. Choosing an appropriate technique 
to estimate background screening levels of organics is a risk-management decision. Although a 
particular technique will likely be selected resulting in specific background values for cPAHs and 
possibly other organics, the full range of concentrations in grid-based samples as well as potential 
anthropogenic sources should be considered in the risk management decision making process. 

The bootstrap is a simulation-based technique that has been shown capable of producing 
confidence intervals for a wide range of statistics. Very briefly, the bootstrap uses resampling 
from the observed data values, with replacement. In other words, a data value is picked from all 
observed data values, its value recorded, and then returned to the pile. This procedure is repeated 
until there are as many resampled data points as there are original data points. This resampled 
set is called a bootstrap sample. The value of the desired statistic is then calculated from the 
bootstrap sample. If this procedure is repeated a number of times, an approximate distribution 
for the statistic is constructed. A confidence interval may then be calculated from this 
distribution. It can be shown that these confidence intervals are extremely accurate, particularly 
if a somewhat refined version of the simple algorithm is used. Several introductory treatments 
of these techniques are available. An Introduction to the Bootstrap by B. Efron and R. Tibshirani 
is especially good and quite readable. 

The bootstrap may also be used to calculate the 95th percentile UTL, giving a value of 
1850 }-Ig/kg. Theoretical derivations show that this upper limit is probably more accurate than the 

3 



value of 2006 /Lg/kg derived from the table. 

References: 

Bradley, L.J.N, B.H. Magee, and S.L. Allen (1994): Background Levels of Polycyclic Aromatic 
Hydrocarbons (PAH) and Selected Metals in New England Urban Soils. Journal of Soil 
Contamination, v.3, n.4, pp.349-361. 

USEPA (1992): Statistical Analysis of Ground-Water Monitoring Data at RCRA Facilities, Draft 
Addendum to Interim Final Guidance. Office of Solid Waste. 

Wild, S.R. and K.C. Jones (1995): Polynuclear Aromatic Hydrocarbons in the United Kingdom 
Environment: A Preliminary Source Inventory and Budget. Environmental Pollution, v.88, 
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159-C-B001-01 
662-C-B002~01 

670-M-0002-01 
670~C~B013-01 

662-S-B002-01 
014-5-B007-01 
684-S-B005-01 
670-5-B019-01 
670-S-B020-02 
121'-'S'-B004-01 
665-S-B003-01 
G80-C-B004-01 
650-S-B002-01 
649-5-B002-01 
GDH-S-B023-01 
649-5-B001~01 

GDH-S-B015-01 
663-5-8001-01 
019-S-8014-01 
684-M-0002-01 
670-S-B015-01 
020-$'"-B004-'01 
013-S-B005-01 
121-S-B002-01 
649-C-BOOl-01 RE 
013'-S-B008-01 
015-S-8007-01 
684-S-B035-02 
121-C-B002-01 
015-S-B001~01 

121-S-B007-01 
121~S-B014-01 

159-S-B011-01 
684-S-B018_01 
684-S-B017-01 
650-5-B001-01 
684-S-B027-02 
019-S-B001-01 
019-S-B009-01 
649-$-8010-01 
653-S-B001-01 
G07-5-B001-01 
GDH-S-B021-01 
017-5-B009-01 
665-5-B002-01 
020~S-B010-01 

020-C-B001-01 
178-5-B005-01 
653-S-B003-02 

E N V I RON MEN TAL S A F E T Y & 0 E S I G N S 
0064-00001 - NAVAL BASE CHARLESTON ZONE H (NBCH) 

Samples by Chemical Report 
50-32-8 Ben~o(a)pyrene 

>= 0.0000 for UG/KG = Hits Only 

159CB00101 Soil 06/19/95 19.5000 UG/KG APX18 
662CB00201 Soil 08{1$/94 48 •. 10.00 J UG!J<G AI'XO.l 
670M00201 Soil 09/24/94 50.0000 J UG/KG APX09 
670CB01301 Soil 09/12/94 53.1000 J UG/KGAPX03 
662SB00201 Soil 08/15/94 60.0000 J UG/KG CHS03 
0145B00701 Soil 09/22/94 60.1000 J UG/KG APX07 
684SB00501 Soil 09/19/94 61.6000 J UG/KG APX04 
670SB01901 Soil 09/14/94 68.4000 J !}G/KGAPX04 
670SB02002 Soil 09/14/94 71. 5000 J UG/KG APX04 
1215B00401 50il· 0$/26/94 77 .0000 J !}G/KG cas07 
665SB00301 Soil 08/26/94 77.0000 J UG/KG CHS07 
GDHCB09701 Soil 02/02/95 78.5000 J UG/KG APX16 
650SB00201 Soil 08/22/94 80.3000 J UG/KG CHS05 
6495B00201 Soil 08/22/94 80.9000 J UG/KG CHSOS 
GDHSB02301 Soil 10/04/94 81. 0000 J UG/KG CHS17 
649SBOO101 Soil 08t~2/94 81.2000 J UG/KGCHS05 
GDHSB01501 Soil 09/29/94 82.0000 J UG/KG CHS16 
663S800101 Soil 08/31/94 82.9000 J UG!KG CHS09 
019S801401 Soil 01/16/95 83.0000 J UG/KG CHS31 
684M00201 Soil 09/24/94 84.8000 J UG!KG APX09 
670SB01501 Soil 09/14/94 85.6000 J UG/KG APX04 
0205B00401 Soil 03/27/95 87.0000 J UG/KG CHS37 
013SB00501 Soil 08/12/94 91. 0000 J UG/KG CHS02 
121SB00201 Soil 08/26/94 95.0000 J UG/KG CHS07 
649CB00101 Soil 08/22/94 95.4000 J UG/KG APX02 
0135B00801 Soil 08/12/94 96.0000 J UG!KG CH502 
015SB00701 Soil 01/20/95 96.0000 J UG/KG CHS32 
6845B03502 Soil 01/25/95 98.0000 J UG!KG CHS33 
121CB00201 Soil 08/26/94 99.7000 J UG/KG APX02 
015SB00101 Soil 09/10/<;]4 10.0.0000 J UG/KG CHSH 
121SB00701 Soil 01/13/95 100.0000 J UG/KG CH530 
1215B01401 Soil 03/22/95 100.0000 J UG!KG CHS3S 
1595B01101 50i1 06/19/95 100.0000 J UG/KG CHS46 
6845B01801 Soil 0<;]/21/94 102.0000 J UG/KG APlW5 
6845B01701 Soil 09/21/94 103.0000 J UG/KG APX05 
6505B00101 50il 08/22/94 107.0000 J UG/KG CHSOS 
6845B02702 50il 09/23/94 107.0000 J UG/KG APX09 
019SB00101 Soil 08/27/94 110.0000 J UG/KG CHS07 
019SB00901 Soil 01/17/95 110.0000 J UG/KG CHS31 
-649S801001 Soil 01119/95 110.0000 J UG/KG CHS32 
653SB00101 Soil 08/26/94 110.0000 J UG/KG CH508 
GDHSB09801 Soil 02/02/95 110.0000 J UG/KG CHS33 
GDH5B02101 Soil 10/03/94 110.0000 J UG/KG CH516 
0175B00901 Soil 08/17/94 116.0000 J UGIKG CHS04 
6655B00201 Soil 08/26/94 120.0000 J UG/KG CH507 
0205B01001 Soil 03/28/,,5 130.0000 J UG/KG CHS37 
020CB00101 Soil 03/27/95 140.0000 J UG/KG CHS36 
178SB00501 Soil 08/23/94 140.0000 J UG!KG CHS06 
6535B00302 Soil 08/26/94 140.0000 J UG/KG CHS08 
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VCHEM_R 
11/07/96 

656-5-B011-01 
670-S-B030-01 
684-5-B032-01 
G80-S-B003-01 
GDH-S-B011-02 
020-S-B007-01 
684-S-B040-02 
138-S-B003-01 
019-S-B004-01 
684-14-0001-01 
684-S-B034-01 
656-C-B009-01 
684-S-B019-01 
GDH-S-B007-01 
017-C-B022-01 
GDH-S-B080-02 
684-S-B028-01 
663-5-B002-01 
670-S-B016-01 
GDH-S-B025-01 
019-C-B014-01 
663-C-B002~01 

666-S-B001-01 
015-S-B005-01 
121-S-B007-02 
GDH-S-B080-01 
663-S-B005-01 
019-S-B017-01 
020-S-B001-01 
020-S-B003-01 
684-S-B033-01 
020-S-B006-01 
GDH-C-B007-01 
GDH-S-B024-01 
GDH-S-B032-01 
684-S-B025-01 
649-S-B004-01 
121-'S-B015-01 
670-S-B002-01 
G38-S-B003-01 
019-S-B005-01 
684-S-B022-01 
GDH-S-B017-01 
019-S-B018-01 
015-S-B006-01 
015-S-B003-01 
GDH-S-B012-01 
684-S-B027-01 
019-S-B011-01 RE 

co 00 
E N V I RON MEN TAL 5 A F E T Y & D E 5 I G N 5 

0064-00001 - NAVAL BA5E CHARLE5TON ZONE H (NBCH) 
Samples by Chemical Report 
50-32-8 Benzo(a)pyrene 

>; 0.0000 for UG!KG - Hits Only 

6565B01101 50il 01/10/95 140.0000 J UG/KG CH529 
6705B03001 Soil 01/20/95 140.0000 J UG/KG CHS32 
6845B03201 Soil 01/25/95 140.0000 J UG/KG CH533 
GDH5B10101 Soil 02/03/95 140.0000 J UG!KG CHS34 
GDHSB01102 Soil 09/27/94 140.0000 J UG/KG CHS14 
020SB00701 Soil 03/27/95 150.0000 J UG/KG CHS37 
684SB04002 Soil 03/29/95 150.0000 J UG/KG CHS40 
138SB00301 Soil 08/29/94 153.0000 J UG/KG CHSO'1 
019SB00401 Soil 08/29/94 160.0000 J UG/KG CHS08 
684M00101 Soil 09/24/94 160.0000 J UG/KG APX09 
684SB03401 Soil 01/25/95 160.0000 J UG/KG CHS33 
656CB00901 Soil 08/10[94 161.0000 J UG/KG APX01 
684SB01901 Soil 09/21/94 164.0000 J UG/KG APX07 
GDHSB00701 Soil 09/27/94 170.0000 'J UG/KGCIIS1S 
017CB02201 Soil 01/11/95 175.0000 J UG/KG APX15 
GDHSB08002 Soil 10/21/94 180.0000J UG!KG CHSi/3 
684SB02801 Soil 09/23/94 181.0000 J UG/KG APX08 
663SB00201 SQil 08/31/94 190.0000J UG/KG CHS09 
670SB01601 Soil 09/14/94 190.0000 J UG/KG CHS14 
GDHSB02501 Soil 10/04/94 190.0000 J UG/KG CHS17 
019CB01401 Soil 01/16/95 192.0000 J UG/KG APX15 
663CB00201 Soil 08/31/94 193.0000 J UG/KG APX02 
666SB00101 Soil 08/23/94 196.0000 J UG/KG CHS05 
015SB00501 Soil 01/20/95 200.0000 J UG/KG CHS32 
121SB00702 Soil 01/13/95 200.0000 J UG/KG CHS30 
GDHSB08001 Soil 10/21/94 200.0000 J UG/KG CHS23 
663SB00501 Soil 08/31/94 206.0000 J UG/KG CHS09 
019SB01701 Soil 03/22/95 210.0000 J UG/KG CHS35 
020SB00101 Soil 03/27/95 210.0000 J UG/KG CHS37 
020SB00301 Soil 03/27/95 210.0000 J UG/KG CHS37 
684SB03301 Soil 01/25/95 210.0000 J UG/KG CHS33 
020S800601 Soil 03/27/95 220.0000 J UG/KG CHS37 
GDHCB00701 soil 09/27/94 224.0000 J UG/KG APX06 
GDHSB02401 Soil 10/04/94 230.0000 oJ UG/KG CIIS17 
GDHSB03201 Soil 10/04/94 230.0000 J UG/KG CHS17 
684SB02501 Soil 09/21/94 234.0000 J UG/KG APX07 
649SB00401 Soil 08/22/94 239.0000 J UG/KG CHS05 
121SB01501 Soil 03/22/95 240.0000 J UG/KG CIIS35 
670SB00201 Soil 09/10/94 250.0000 J UG/KG CHS11 
GDHSB09601 Soil 02/02/95 250.0000 J UG/KG CHS33 
019SB00501 Soil 01/17/95 260.0000 J UG/KG CHS31 
684SB02201 Soil 09/21/94 271.0000 J UG/KGAPX07 
GDHSB01701 Soil 10/03/94 290.0000 J UG/KG CHS16 
019SB01801 Soil 03/22/95 310.0000 J UG/KG CHS35 
015SB00601 Soil 01/20/95 320.0000 J UG/KG CHS32 
015SB00301 Soil 09/10/94 330.0000 J UG/KG CHSl1 
GDHSB01201 Soil 09/27/94 410.0000 UG/KG CHS14 
684SB02701 Soil 09/23/94 416.0000 J UG/KG APX09 
019SB01101 Soil 01/17/95 460.0000 J UG/KG CHS30 
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VCHEM_R 

11/07/96 

656-S-B001-01 
159-M-0002-01 
020-S-BOll-02 
GOH-S-B032-02 
670-S-B012-01 
684-S-B040.,01 
019-S-B010-01 
019-S-B002-01 
121-S-B009-01 
684.,C-B036-01 
670-C-B003-01 
020-S-B009-01 
020-S-B008-01 
121-S-B010-01 
121-S-B016-01 
GDH-S-B081-01 
019-C-B002-01 
650-S-8004-01 
GDH-S-8027-01 
670-S-8008-01 
670-S-8032-01 
136-S~8002-01 

670-S-8004-01 
014-S-8106-01 
020-S-8005-01 
GOH-S-8056-01 
684-S-8023-01 
684-S-8015-01 
670-S-8005-01 
666-S-B002-01 
GDH-S-8026-01 
015-5-8004-01 
684-S-8036-01 
019-S-8004-02 
121-S-8013-01 
GOH-S-8001-01 
GDH-S-8028-01 
684-8-8020-01 
015-C-B004-01 
670-S-8034-01 
121-S-80ll-01 
666-S-8002-02 
650-S-8006-01 
655-S~SGC9-01 

GDH-C-8025-01 
670-8-8031-01 
684-S-8043-01 
663-S-8007-01 
684-S-8024-01 

co 00 
E N V I RON MEN TAL S A F E T Y & 0 E S I G N S 

0064-00001 - NAVAL BASE CHARLESTON ZONE H (NBCH) 
Samples by Chemical Report 
50-32-8 Benzo(a)pyrene 

>;;;;; 0.0000 for UG/KG - Hits Only 

656SB00101 Soil 08/09/94 460.0000 UG/KG CHS01 
159MOO0201 Soil 06/20/95 470.0000 J UG/KG CHS46 
020SBOll02 Soil 03/28/95 480.0000 J UG/KG CHS37 
GOHSB03202 Soil 10/04/94 480.0000 J UG/KG CHSl7 
670SB01201 Soil 09/12/94 490.0000 J UG/KG CHSll 
684SB04001 Soil 03/29/95 490.0000 UG/KG CHS40 
019SB01001 Soil 01/17/95 500.0000 J UG/KG CHS30 
019SB00201 Soil 08/27/94 540.0000 UG/KG CIIS07 
121SB00901 Soil 01/16/95 540.0000 UG/KG CHS31 
684CB03601 Soil 01/25/95 540.0000 UG/KG APX16 
670CB00301 Soil 09/13/94 556.0000 UG/KG APX03 
020SB00901 Soil 03/28/95 570.0000 UG/KG CHS37 
020SB00801 Soil 03/27/95 580.0000 UG/KG CHS37 
121SB01001 Soil 01/16/95 620.0000 UG/KG CIIS31 
121SB01601 Soil 03/22/95 620.0000 UG/KG CHS35 
GDIISB08101 Soil 10/21/94 620.0000 J UG!KG CIIS23 
019C800201 Soil 08/27/94 668.0000 UG/KG APX02 
650S800401 Soil 06/22/94 679.0000 UG/KG CHSOS 
GDHS802701 Soil 10/04/94 710.0000 UG/KG CHS17 
670S800801 Soil 09/12/94 720.0000 UG!KG CHSl3 
670S803201 Soil 09/14/94 722.0000 J UG/KG APX04 
136S800201 Soil 08/31/94 733.0000 UG/KG CHS09 
670S800401 Soil 09/13/94 760.0000 UG/KG CHS13 
00llS810601 Soil 02/06/95 780.0000 J UG!KG CHS34 
020S800501 Soil 03/41/95 820.0000 J UG/KG CHS37 
00HS805601 Soil 10/07/94 860.0000 UG/KG CHS19 
684S802301 Soil 09/21/94 989.0000 UG/KG APX07 
684S801501 Soil 09/20/94 1010.0000 UG/KG APXOS 
670S800501 Soil 09/13/94 llOO.OOOO UG/KG CHS13 
666S800201 Soil 08/23/94 1180.0000 J UG/KG CHSOS 
GOHS802601 Soil 10/04/94 1200.0000 UG/KG CHS17 
015S800401 Soil 09/12/94 1300.0000 UG!KG CHSl3 
684S803601 Soil 01/25/95 1300.0000 UG/KG CHS33 
019S800402 Soil 08/29/94 1400.0000 J UG/KG CHSOS 
121S801301 Soil 03/22/95 1400.0000 UG/KG CHS35 
GOHS800101 Soil 09/27/94 1400.0000 UG/KG CHStS 
GDHS802801 Soil 10/04/94 1400.0000 UG/KG CHS17 
684S802001 Soil 09/21/94 1430.0000 UG/KG APX07 
015C800401 Soil 09/12/94 1500.0000 UG/KG APX03 
670S803401 Soil 03/29/95 1500.0000 UG/KG CHS40 
121S80ll01 Soil 01/16/95 1700.0000 UG/KG CHS31 
666S800202 Soil 08/23/94 1750.0000J UG/KG CHS05 
650S800601 Soil 01/19/95 2000.0000 UG/KG CHS32 
SGCS800901 Soil 10/12/94 2400.0000 J UG/KG CHS21 
GDHC802501 Soil 10/04/94 2560.0000 UG/KG APX10 
670S803101 Soil 01/20/95 2700.0000 UG/KG CIIS32 
684S804301 Soil 03/29/95 3100.0000 UG/KG CHS40 
663S800701 Soil 01/19/95 3200.0000 UG/KG CHS31 
684S802401 Soil 09/21/94 3490.0000 UG/KG APX07 
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VCHEM_R 

11/07/96 

684-S-B004-01 
670-S-8003-01 
670-S-B029-01 
684-C-B044-01 
684-S-B003-01 
684-S-B044-01 
670-M-0001-01 
684-S-B021-01 
684-5-8035-01 
ODH-S-W04D-07 
670-C-B031-01 

co 00 
E N V I RON MEN TAL S A F E T Y & DES I G N S 

0064-00001 - NAVAL BASE CHARLESTON ZONE H (NBCH) 
Samples by Chemical Report 
50-32-8 Benzo(a)pyrene 

>= 0.0000 for UG/KG - Hits Only 

684SB00401 Soil 09/19/94 3710.0000 UG/KG APX04 
670SB00301 Soil 09/13/94 5200.0000 UG/KG CHS13 
670SB02901 Soil 01/20/95 5600.0000 UG/KG CHsn 
684CB04401 Soil 03/29/95 5800.0000 UG/KG CHS36 
684SB00301 Soil 09/19/94 6710.0000 UG/KG APX04 
684SB04401 Soil 03/29/95 7600.0000 UG/KG CHS40 
670M00101 soil 09/24/94 12100.0000 UG/KG APX09 
684SB02101 Soil 09/21/94 18300.0000 J UG/KG APX07 
684SB03501 Soil 01/25/95 22000.0000 UG/KG CHS33 
GDHSW04D07 Soil 10/19/94 34000.0000 J UG/KG CHS22 
670CB03101 Soil 01/20/95 36800.0000 J UG/KG APX16 

*** End of Report *** 
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Final RCRA Facility Investigation Report for Zone H 
NA VBASE Charleston 
Section 4: Nature of Contamination 
July 5. 1996 

Table 4.22.1 
Zone H Grid-Based Soil Samples 

Organic Com pounds in Soil (in I'g/kg) 

Compound Name 

Number oC Detections 
(Upper Interval/Lower 

Interval) 

Range oC Concentrations 
Cor Detections 

(Upper IntervalILower 
Interval) 

Risk-Based 
Screening 

Levels 

Volatile Organic Conipounds(154 Samples COllected "-!J6Upper·IntervalSa11lplei;;58.Lower Interval· 
Sampies, l(}-,Sarnples.·-l)u'p.liiiated) 

Acetone 44/39 8-12,000 /1l-2,300 780,000 

Bromomethane 112 5 / 3-4.3 11,000 

2-Butanone (MEK) 2/4 14-17/4-100 4,700,000 

Carbon disulfide III 1.3 / 15 780,000 

Methylene chloride 20/14 3.8-11 /3.7-18 85,000 

Tetrachloroethene '" '7"'''' I '7 'l.c:: 1~ fVV\ .. , .. I-~~ I ,-.. oJ "'400,VVV 

Tetrahydrofuran III 31 /87 Not Listed 

Toluene 45/28 2.1-67.5 /3.3-26.0 1,600,000 

I, I, I-Trichloroethane 2/2 6-9/7-10 700,000 

Trichlorvethene 512 2-3.5 / 2.5-6 47,000 

Trichlorofluoromethane I/O 7.3/0 2,300,000 

Xylene (total) 110 1.6/0 16,000,000 

SemivolatileOrg~nle.·.'l9~P9Unds .. (~?I .. SQnyJles .. (.:illlec(ed·. __ . !J6.·Vpp~r·Ititerv.al.·S~les, 58 ··Lower ·Jtit~rval 
Stimples;10·Siznrples)(lplicated) ... . . . . . 

Ae-enaphthene 912 88-6,600 / lOO-!70 470,000 

Acenaphthylene 110 460 /0 470,000 

Anthracene 13/2 41.4-840 / 74-310 2,300,000 

BEHP 26/1 39-680 / 400 46,000 

Benzo(a)anthracene 17/3 48-1,900 / 120-640 880 

Benzo(b)fluoranthene 14/1 40.6-2,840 / 270 880 

Benzo(k)fluora..nthene 11/0 88-2,340/0 8,800 

Benzo(a)pyrene 16/3 81-1,400 / 140-480 88 

Benzo(g,h, i)perylene WI 97-1,110/220 310,000 

Butylbenzylphthalate 5/0 65.8-580/0 1600,000 

4-Chloro-3-methylpheno1 110 170/0 Not Listed 
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Compound Name 

Final RCRA Facility Investigation Report for Zone H 
NA VBASE Charleston 

Section 4: Nature of Contamination 
July 5, 1996 

Table 4.22.1 
Zone H Grid-Based Soil Samples 

Organic Com pounds in Soil (in Itg/kg) 

Number of Detections 
(Upper IntervallLower 

Interval) 

Range of Concentrations 
for Detections 

(Upper IntervallLower 
Interval) 

Risk-Based 
Screening 

Levels 

S"mi~olatilt! 6rganicCompounds(154S~mpiesColle~ted - 96Upper Inten>al Samples, 58 Lowediitervlll 
Sai".ples; IffSti.'!i..p!es·lJuplicatPd) 

2-Chlorophenol 110 160 10 39,000 

Chrysene 18/3 50-1.700 1140-580 88,000 

Oibenzo(a,h)anthracene 7/0 84-456 I 0 88 

Oibenzofuran 4/0 150-4.300 10 31,000 

Oi-n-butylphthalate 110 140 I 0 780,000 

n .... n .... t"lr.hth .. l ... t .. 2/0 200-660 160,000 £JJ.-"'~~:1"t'u ............. ~,", 

Fluoranthene 2515 50.7-3,245 I 130-1,400 310,000 

Fluorene 7/2 100-4,500 I 120-190 310,000 

Indeno(l,2,3-cd)pyrene 1211 94-1,110 I 220 880 

2-Methylnaphthalene 3/0 91-4,200 I 0 310,000 

Naphthalene 4/0 110-7,500 I 0 310,000 

Phenanthrene 17/3 86-2,900 I 350-1,200 310,000 

Phenol 110 160 I 0 4,700,000 

Pyrene 25/4 45.8-2,940/120-1,100 230,000 

DiipliciUedJ 

beta-BHC 011 4.2/0 350 

Chlorobenzilate 110 124 I 0 2,400 

alpha-Chlordane 20/5 1-330 I 2-19 470 

gamma-Chlordane 19/6 1-260 I 3-73 
(alpha + 
gamma) 

4.4·~DDE """/1~ " ...,""'" I ..., ...,..., , nnn 
:J:J/~J ~-~/V I £,-£,£, 1,';IVV 

4,4'-000 7/4 6-130 17-120 2,700 

4,4'-00T 30/3 2.1-180 I 5-21 1,900 

Dieldrin 511 4-300 I 8 40 
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October 8, 1996 

DRAFT 

Memorandum 

TO: 
FROM: 

RE: 

Tony Hunt 
EnSafe 

Proposed method for comparing site sample values to background values for 
surface soils. 

Part 1 - Inorganics (Appears as Appendix J in Final RFI Report for Zone H, NA VBASE) 

Part 2 - Organics 

Substantial levels of organic compounds from natural and anthropogenic sources are present in 
uroan environments. Polynuclear aromatic hydrocarbons (PAHs) , in particular, are nearly 
ubiquitous in many uroan soils. Sources of background PAHs include forest fIres and volcanoes 
as well as vehicular and industrial emissions, wood treatment, waste incineration, and cooking. 
Bradley, et al. (1994) documented benzo(a)pyrene concentrations averaging 1323 p.g/kg in 
background samples of surface soil from three uroan areas in New England. Corresponding 
concentrations of benzo(a)pyrene equivalents (BEQs) from the same samples were 2437 p.g/kg. 
Responsible risk management decisions and target cleanup levels for uroan sites must consider 
the potential for non-site-related concentrations of organics. This memo discusses the problem 
as it relates to carcinogenic PAHs (cPAHs) at NAVBASE, Zone H. 

Determination of background levels for PAHs such as benzo(a)pyrene (B(a)P) and other 
infrequently detected contaminants poses a greater challenge than determination of background 
levels for inorganics. The lower rate of detection means that little information is available on 
the majority of samples, so that parametric assumptions are difficult to verify. Nonparametric 
methods are more appropriate, but simple tests like the Wilcoxon rank sum test for comparing 
two groups, WhiCh was used for inorg!:tn;cs, are not v~Hd where nondetect rates are high, since 
the majority of the data (the nondetects) must be ranked as ties. We therefore concentrate on 
the standard "2 X Background" test recommended by USEPA and on nonparametric tolerance 
limits as discussed in the previous memo (Zone H RFI Report, Appendix J) covering inorganics. 
For illustration, the BEQ results for Zone H surface soil grid samples will be examined. Of the 
101 samples in this dataset, 19 samples reported detections of at least one cPAH. 

The "2 X Background" comparison establishes twice the mean concentration of the background 
samples as a reference standard. To apply titis rule, a concentration must be estimated for 
nondetects, which appear in the dataset as U-qualified values. A U-qualifIed value represents 
a sample quantitation limit, or SQL; the actual concentration in the sample is somewhere 
between zero and the SQL. The Zone H RFI Human Health Risk Assessment recommended 
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using the lower of one-half the SQL value or one-half the lowest estimated (J-qualified) detected 
value as the estimate for a nondetect. Applying this procedure to BEQ values in Zone H 
background samples results in an estimated mean concentration of2121-'g/kg total BEQs, thereby 
yielding an estimated background reference level of 424 I-'g/kg. Because many SQL values for 
nondetected organics are substantially higher than the lowest detected values, using one-half the 
SQL without adjusting (as above) for the lowest estimated detected value results in higher 
estimated concentrations; for Zone H BEQs, the estimated mean concentration using this method 
is 1910 I-'g/kg. The mean of the detected concentrations only (no estimated values for 
nondetects) is 1430 I-'g/kg. This range of estimated mean values shows that calculation of a 
background number depends strongly on the manner in which censored data (nondetects) are 
used. 

Another option for determining a reference standard is a nonparametric tolerance limit, which 
ilir;:;;. ....... u'-y· "-,,.LUI' 11;0"',,,-" ;0 (j •• ~_.:1 ... .... e .. t. ... n_A .... _l .... .: ....... h.~,..'(,ft09V't.nft" "~Clt-rihllt1nn l1~lnO' thp. !JIi"'hHlll ti!JIhto ................. "" ......... .... '""1Ui1l1UJ.~ V.l Ul.., uU.U.~.l.ll.lll5 VQ.'-'A6'-vu".u u..J..:n..I_ .. U ........ ~V' .... , ............. c .. .La", ..... .., .............. _ ....... 

collected. Nonparametric methods generally require greater amounts of data to draw comparable 
conclusions, but this approach is possible with the large sample sizes used in Zone H. 
Calculation of a nonparametric tolerance limit is a two-step procedure. The first is to directly 
calculate the equivalent percentile in the sample data, and the second is to allow for sampling 
variability. With an inf"mite amount of data, we could estimate the desired quantile directly, 
with complete accuracy; when estimating from sample data, however, we must account for 
variability . 

If we assume that all nondetect values are lower than detected values, the 95th percentile of BEQ 
values in background surface soil samples from Zone H is 1028 I-'g/kg. The 90th percentile is 
310 I-'g/kg. As explained in the previous memo, the 95th percentile non parametric upper 
tolerance limit (UTL) for this sample size (95 % coverage, 95 % confidence) is estimated by 
using the second-highest data value (USEPA, 1992, Table A-6). For the example dataset, this 
value is 2006 I-'g/kg. Although a U1L with 95 % coverage has been used as the background 
estimator for inorganics at NA VBASE, a U1L with 90 % coverage might be considered more 
appropriate for organic compounds, for added conservatism. Unfortunately, USEPA's statistical 
tables provide coverage percentages for only the largest and second-largest values in datasets of 
various sizes, so that data values corresponding to lower coverages cannot be identified. 
Nevertheless, the saulpl1ng variability in this estimate may still be calculated using the statistical 
technique known as the bootstrap'. Applying bootstrap techniques, using the "BCANON" code 
in the statistical language S-Plus (developed by the authors mentioned in footnote 1), an upper 
tolerance limit for the 90th percentile (90% coverage, 95% confidence) was determined to be 
814 I-'g/kg2. 
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From this discussion, we have three preferred estimators for BEQ background reference 
concentrations: 

Type 

2 X Background 

90 % UTL (Bootstrap) 

95% UTL 

Value (p.g/kg) 

424 

814 

2006 

Given the relatively high percentage of BEQ nondetects and the greater level of uncertainty about 
the sources of organic compounds in soils (site-related vs. background), the UTL approach that 
was applied to inorganics in Zone H soil could be considered insufficiently conservative for 
organics. If nondetects are treated as recommended in the Zone H Human Health Risk 
Assessment (described above), then a mean background concentration can be estimated for the 
grid samples. As recommended by USEPA in other situations, twice the estimated mean 
background concentration would serve as a reasonable, conservative background reference value. 

Choosing an appropriate technique to estimate background screening levels of organic 
compounds is a risk-management decision. Although a particular technique will likely be 
selected re-sultif!g in specific background values for P AHs and possibly other organics, the full 
range of concentrations in grid-based samples as well as potential anthropogenic sources should 
be considered in the risk management decision making process. 

The bootstrap is a simulation-based technique that has been shown capable of producing 
confidence intervals for a wide range of statistics. Very briefly, the bootstrap uses resampling 
from the observed data values, with replacement. In other words, a data value is picked from 
all data values, its value observed, and then returned to the pile. This procedure is repeated 
until there are as many resampled data points as there are data points. This resampled set is 
called a bootstrap sample. The value of the desired statistic is then calculated from the bootstrap 
sample. If this procedure is repeated a number of times, an approximate distribution for the 
statistic is constructed. A confidence interval may then be calculated from this distribution. It 
can be shown that these confidence intervals are extremely accurate, particularly if a somewhat 
refmed version of the simple algorithm is used. Several introductory treatments of these 
techniques are available. An Introduction to the Bootstrap by B. Efron and R. Tibshirani is 
especially good and quite readable. 

2 The bootstrap may also be used to calculate the 95th percentile UTL, giving a value of 
1850 JLg/kg. Theoretical derivations show that this upper limit is probably more accurate than 
the value of 2006 p.g/kg derived from the table. 
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Background Leveis of 
Polycyclic Aromatic 
Hydrocarbons (PAH) and Selected 
Metals in New England Urban Soils 

L. J. N. Bradley,l. B. H. Magee,2 and S. L. AlienI 
'ENSR ConsulrIng and Englneeling, 35 Nagog Park, Acton, MA 01720 
'Ogden Environmental and Energy Services, 239 Utllelon Road, SuIre 7C, 
Westford. MA 01886 

ABSTRACT: Polycyc1ic aromatic hydrocarbons (PAll) are byprocIuets of combustioo aod Ole 

ubiquitous in liIe utbon environmenL They .... also presenl in induslrial chemic:;<! wastes, such 
as coalrar, petroleum refinery sludges, w>sle oils aod fuels, aod woo<I-Ircaling rcaiducs. Thus, 
P AHs .... chemicals of concern al many wast<: sileS. Risk assessment meIhods will yicld risk· 
based cleanup Icve1s for P AHs mauOIlge from 0.1 10 0.7 mgIkg. o;ven liIeir universal pre$COCC 

in Ibe UIban environment, it is impol1aot 10 oompa.c risk·based cleanup levels with I)'pieal utbon 
baclcgrowxllevels before uliJizmg umealisticaDy low cleaIIop IUgelS. However, liUIe data exist 
oD PAR levelsiD utbon,DOOinduslrialaoils.1n Ibis study, 60 samplcsofsurficialsoils from UIbao 
locatioiis in tha-ee New Eiigla,·1 cities were iiiil,7.ed fur PAR wiiipoui"ads. L. additioii. ill 
sampl .. wen; aoIlyzcd for total pcIlOlcum hydrocarbons (11'H) aod seveo metals. The opper 0 "G.o!. 
95-' conJ"ldenoc inlCrVal Oft Ibc mean was 3 mg/l:g for ben%o(a)pyreoe mxic equivaleots, ~ ~ 
12 mg/kg for total pot.cnlially carcinogenic PAR, anc12S mgJI:g far total PAD. lbe opper 95-' 
00DficIenc:e iaterYal was 373 mg/l:g for TPH, which exceeds !be target level of I()() ~ used 
by many owe regulatory agencies. Metal CODCeDIIaIioO$ w~ similar 10 published backgroUDd 
levels for all meWs exc:ept lead. The upper 95-' coofideoce interval for lcod was 737 mg/kg in 
BostoD, 46:3 mgJI:g in Providence, aod 378 mgJI:g ill Springfield. 

KEY WORDS: baclcgrounc1, PAR, mel3l$, orban, anthropogenic, soil. 

I. INTRODUCTION 
,.-

Polycyclic aromatic hydrocarbons (P AHs) are byproducts of combustion and are 
naturally occurring chemicals in the environment Forest fires and volcanoes arc 
major naruml sources of P AHs, but there are anthropogenic sources as well due to 
burning of fossil fuels, including automobile and industrial emissions. P AHs are 
chemicals of concern in many waste site investigations that are undertaken pursu· 
ant to the Comprehensive Environmental Response, Compensation, and Liability 
Act (CERCLA), the Resource Conservation and Recovery Act (RCRA), and Slate 
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hazardous waste programs. Risk assessments performed according to federal guid
ance for fonner manufacrured gas plan! siles, wood treating facilities, petroleum 
refineries, and olher sites generally conclude that PARs pose unreasonable risks to 
human health and that remedial actions musl be taken to reduce risks 10 acceptable 
levels. The majority of the risk pose<! by PAHs is generally due to benzo(a)pyrene 
and the other P AHs that have been shown 10 cause cancer in laboratory animals 
after repeated dosings. The U.S. EPA (1993a) cwrenlly identifies seven PAHs as 
"probable human (132) carcinogens": bcnzo(a)pyrene, benzo(a)anlhracene, 
benro(b)fluoranthene, benzo(k)fluoranthene, chrysenc, dibent(a.h)anthracene, and 
indcno{l,2,3-c,d)pyrene. 

Because of the very health-protective assumptions used in regulatory risk as
sessments, very low risk-based clean-up Jevels for PAHs are derive<! for such sites. 
In Michigan, residential soil cleanup levels of 0.33 mglk:g fOr each carcinogenic 
PAH have been set (MDNR. 1993). In New Jersey, proposedrcsidential soil clean
up levels are 0.66 mg!lcg for benro(a)pyrene (New Jersey Register, 1992). The use 
of sta.,da.rd ~F<-RCL..~ risk assessmc.."1t g'.Jida."1ce (U.S. EPA, 1993b) results iii dle 
derivation of a risk-based cleanup level for ben:oo(a)pyrene of 0.1 mg/kg. 

~ All of these risk-based soil cleanup levcls are below the urban, nonindustrial 
background soil concentrations presently reported in the literature. However, the 
availability of ~uch data is very limi[~Blumer (1961) reports that bemo(a)pyrene 
concentrations in Cape Cod. MA. soils range from 0.04 to 1.3 mglk:g. Menzie et 
al. (1992) report that urban background soil levels of total carcinogenic P AH range 
from 0.06 to 5.8 mg/kg. Butler et at (1984) report that total P AH levels in soils 
alongside roadways in England range from 4 to 20 mglkg, and potentially carei
nogenic PAH range from 0.8 to 11.5 mg/kg. Blumer et aI. (1977) report that total 
P AH levels in soils in a Swiss town range from 6 to 300 mglk:g. 

It is very difficult to compare the data from these studies to" the results of site 
risk assessments due to the limited dataset and the nonunifonnity of-the PAH 
compounds evaluated.. Clearly, more data are required from nonindustrial urban 
locations to defmc the urban background level for P AH and to critically evaluate 
the role of risk assessment in selting remedial goals for P AH in soils. Accordingly, 
we have collected 60 samples of surlicial soils from urban locations in three New 
England cities and analyzed them for all 17 P AH compounds present on the EPA's 
Target Compound List, which is used in the Superfund program. In addition. all 
samples were analyzed for total petroleum hydrocarbons (TPH) and for seven 
metals: arsenic. barium. cadmium. chromium, lcad. mercury. and selenium. 

II. METHODS 

A. sample Collection 

~ Samples of surlicial soils from urban locations in three New England cities were 
collected: Boston. MA; Providence. RI; and Springfield, MA. Twenty independent 
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samples and duplicates of two samples were collected in each city. The samples 
were collected on July 21, 22, and 23, 1992. respectively. The samples were taken 
at a depth of 0 to 6 in. in areas considered [0 be not dL-rectIy affected by iildustrial 
sites. Generally, the locations were along roads and sidewalks. and in parks and 
open lotS. Each location was characterized in writing. including a soil description, 
and photographically doCumented. The sample.~ were collected following standard 
environmental sampling protocols (U.S. EPA, 1986). 

B. Sample Analysis 

Qemica\ analysis of the samples was perfonned by AnalytiKEM, Inc. (Cherry 
Hill, N1). The samples were analyzed by GC-MS for the 17.PAH compounds 
present on the EPA's Target Compound List using the methods required by EPA 
Method 8270 for thc analysis of semivolatile compounds. In addition. the samples 
were analyzed ior the eight RCRA metals. total petroleum hydrocarbons (TPH; 
EPA Method 418.1), and total solids. The complete analyte list is given in 
Table 1. 

c. Data Validation 

Validation of the data received from AnaIytiKEM was performed according to 
U.S. EPA (1991) guidl'lines. The ;1 ... were reviewed for completeness. holding 
times, GC-MS tuning and system performance. initial and continuing calibrations, 
laboratory method blank analysis, surrogate recoveries, matrix spike and matrix 
spike duplicate analysis, field duplication precision, and compound quantitation 
and detection limitS. 

D. Data Analysis 

The analytical data were summarized in .accordance with u.s. EPA (1989) risk 
assessment guidance. If a compound was detected at least once in surface soil, one 
half the sample quantitation limit (SQL) was used as a proxy concentration for all 
sampJes reported as "below detection limit" in the estimation of exposure pci..~t 
concentrations. However, if a compound was not detected in any sample, that 
compound was omitted from further consideration. In addition, when a proxy 
concentration (i.e., one haIfthe detection limit) was greater than the highest actual 
detected value for a compound in any sample, that concentration was considered 
to be an aberration and was omitted from· the database. This is consistent with U.S. 
EPA (1989) guidance, which recognizes that high sample quantitation limits can 

(

lead to unrealistic concentration estimates. 

351 

/hey TreA.fed, ~6AJd.e-+ed5 ..se1MeW~f d;-ITe.re4ly 
~I.J We., J..jJ.. J I:, /Jt 1I.e., tL,'ff"e~ .sfto/J/d., 

Ntd be.. .s;jAJi-t:J~~f. 



~. 

TABLE 1 
Chemical Analyses of Urban Solis 

Scmivolatile Organia. EPA Target Compound Ust 

Naphtholene 
Accnaphthylcnc 
Acenapbdlcne 
Auorene 
Phenan!hrene 
Antlnotnc 
Fluoranthcnc 
Pyrcnc 
D_o(a)an~ 

a.rysene 
Benzo(b)lIuo .... thene 
Bcnzo(k)Huot8llthcnc 
Bcnzo(a)py=e 
Indeno(l~pymle 

DiberlZA>(a.h)anthr.occo>c 
Benzo(g.h.)pety1ene 
2·McthylnapbthaJene 

An=ic, lOW 
Barium. lOW 
Cadmium. lotal 
Olromium. Iotal 
Lead, Iolal 
Mercury. rol2l 
Selenium. tol2l 
Silver. total 

Othcc 

Total pctrolcum bydrocalbons 
Solids 

A slightly different method of analysis was used to evaluate P AH. Because P AH 
are geuerally found in groups, it was conservatively assumed that if one PAH was 
detected in a sample. other compounds in that class might also be present in that 
sample.. ThelefOl--e~ if one P Ali was detected. in a sample, all undetected PAn were 
assigned a proxy concentration equal to one half the SQL. If a sample had no 
detected PAM, no PAH were assumed to be present in the sample, and a concen· 
tration of zero was used for all nondetects. 

SUIIUII8I)' statistics (minimum, maximum. arithmetic mean, upper 95% confi
dence limit on the arithmetic mean, and frequency of delection) wcre generated for 
each compound for each cily and for all three cities combined.. 
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The data for PAH were summarized in sevCf1\l different ways. Of the 
17 PAH analyzed in each sample. seven arc considered to be probable human 
carcinogens (Group B2) by ,he U.S. EPA (l993a). The U.S. EPA has derived 
a cancer sl9pe factor. which is a measure of the carcinogenic potency of a 
compound. only for benzo(a)pyrenc (B(a)P) (U.S. EPA. 1993a). Review of the 
literature indicatcs dlat not all P AH are equally potent with respect to tumor 
induction. Sevcral researchers have proposed toxic equivalency schemes that 
relate the tumorigenic potency of each PAH to that of B(a)P (ICF-Clement 
AssociateS. 1988; Woo. 1989). B(a)P toxic equivalency factors (B(a)P-TEFs) 
can be used to adjust either the B(a)P dose-response value to provide a com
pound-specific dose-response value. or the concentration of each P AH in a 
sample to be expressed in tenos of B(a)P toxic equivalents (B(a)P-TE). The 
latter method was used here. B(a)P-TE were calculated using the D(a)P toxic 
equivalency factors recommended for use by the U.S. EPA (1993c). as shown 
in Table 2. For each sample~ PAH concentrations were reported for each or the 
17 P AH on the analyte list. for total PAH (tP AH). for total carcinogenic PAH 
(cPAH). and for B(a)P-TE. and these values were used to generate the sum
mary statistics for each group of samples. 

111. RESULTS 

Analysis of the laboratory results for the P AH indicates that qualliy rontro! crirer.a 
WCl:e acceptable. The data were analyzed (0 dete:rmine if any statistically signifi
cant differences existed between the datasets for the three cities. A Hartley test for 
homogeneity of variances (Mendenhall. 1979) and a one-factor analysis of vari
ance to test for equality of the means (Mendenhall. 1979) indicated no statistically 
significant differences. The results indicate that the P AH data can be pooled and 
Ir:ea.ted as one dataset for further statistical analyses. 

TABLE 2 
Benzo(a)Pyrene ToxIc 
Equivalent Factors (BAP-TEF) 

Compound EPA TEF 

Benzo(a)pyrer1C 1.0 
Benz(a)..,rhnccnc 0.1 
Bonzo(b)Ouoranthcne 0.1 
Bcnzo(k)nuoranthcne 0.1 
Ch~ 0.001 
Dibcnzo(a,/l)anthraccne 1.0 
lndenoC 1,2.3-c.d)pyrcne 0.1 
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The results of the PAH analy~es are presented in Table 3 for all cities combined. 
A SUIIIInlIX)' of the P AH results by city and for all cities combined is pre.~cn(ed in 
Table 4. which reportS fOT each: !PAR. total cPAH. and [olal BCa)P-1B. The 
a.rithmetic mean and the upper 950/0 confideiice li.i11it conceniltiiioo arc reponed for 
each. Table 4 provides a summary of the data by city, and the results are graphi. 
cally presented in Figure 1. 

Table 5 presents a summary of the metals, TPH. and solids data by city. A 
Hartley test for homogeneity of variances and a one-factor analysis of variance to 
test for equality of the means indicated that the metals and TPH data from the three 
cities cannot be combined. This is due to the fact that the concentrations in each 
city are not nonnally distributed and did not have equal variances. The concentra
tions of the metals are compared to. the arithmetic mean concentrations in the 
eastern U.S. (ATSDR, 1992) in Table 5. Most notably. lead concentrations are 
much higher than background concentrations. This is most likely due to the effects 
of automobile exhausl 

In order to determine if sample location significantly affected PAR concentra
tion results, individual samples were classified based on the sample location's 

TABLE 3 
Summary Stalistics for PAH - AII'Areas Combined 

Minimum Maximum Upper 95"10 
detect detect Arithmetic Interval Frequency 

Compound (mg/kg) (mglkg) mean (mglkg) of detection' 

2·Me!bylnaphtholcne 0.017 0.64 0.151 0.173 19 62 
AA:cuaphthene ., 0.024 0.34 0.201 0.306 30 62 
Acenaphthyleoe 0.018 1.10 0.173 0.208 24 62 
An_ 0.029 5.70 0.351 0.535 54 62 

Bcozo(a)anlluaccne 0.048 15.00 1319 l.&SS 58 62 
&nzo(a)pyrene 0.040 13.00 1323 1.816 57 62 
Ik>o.o(b)fiuorandlcnc 0.049 12.00 1.435 1.973 55 62 
Benzo(g.h")peI}'lene 0.200 5.90 0.891 1.195 36 62 
Benzo(k)nuonmlhene 0.043 25.00 1.681 2-522 59 62 
Ouyseoe 0.038 21.00 1.841 2.693 60 62 
Dibcnzo(a.h)anlh<aocne 0.020 2.90 0.388 0.521 32 62 
Fluonmtheoe 0.110 39.00 3.047 4.444 60 62 
Fluorenc 0.022 3.30 0.214 0.317 35 62 
lndeno(l,2,3-c,d)p~c 0.093 6.00 0.987 1.293 43 62 
Naphlhaicne O.ot8 0.66 0.125 0.149 3S 62 
l'benanlhrcnc 0.071 36.00 1.838 2.982 61 62 
Pyreoe 0.082 11.00 2.398' 2.945 61 62 
Total BAP-TE 0.257 21.31 2.437 3.324 62 62 
Total carcinogenic PAR 0.680 77.70 8.973 12.423 62 62 
Total PAR 2.29'2 166.65 18.361 24.819 62 62· 

. r-rcqucncy of ~tion =' nUMber detected: number samples: . 
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TABLE 4 
Background PAH Concentrations In Urban Surface Solls· 

Compound 

Total B(o)P-TB 
Total cPAR 
Total PAH 
TPH 

• 0.061n . 

Boslon 
(n • 20) 

ArlthmBlfc Upper 95% 
mHn (ppm) CI (ppm) 

2.4 4.6 
8.4 16.0 

18_7 33.9 
474.9 652.6 

Provld.mce 
(n = :10) 

Arithmetic 
mean (ppm) 

2.1 
7.8 

16.8 
267.4 

Upper 95% 
CI (ppm) 

2.9 
11.0 
23.5 

338.2 

,. , 

S~lrlngneld All clll'Bs 
(n = 20) (n = 611) 

Arithmetic Uppar 95% Arithmetic Uppar 95% 
mean (pprn) CI (ppm)' mean (ppm) CI (ppm) 

2.8 4.5 2.4 3.3 
10.6 18.3 9.0 12.4 
19.1 29.9 18.4 24.8 

184.4 233.3 306.2 :m.8 

{ 
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FIGURE 1. Background concenlJ'ations of PAH in urban soils. Data presented 
are the upper 95% confidence interval on the arithme~e mean. Data are presented 
numerically in Table 4. 

proximity to asphalt pavement, based on both written and photographic documen
tation of sample location. Generally, samples collected within 4 to 6 ft of a road 
were considered to be near pavement. Of the 60 separate locations, 42 were 
considered to be near pavement and 18 were not. When tested for equality of 
variance and means as above, the two populations were determined to be 
significantly different. The mean total PAH concentration near pavement was 
22 ppm compared to 8 ppm not near pavement. These results are shown in 
Table 6. 

Similar analyses were performed to see if TPH or total organic carbon 
concentrations could be used as surrogates for PAH concentrations. The results 
showed that tb.ere is no correlation between PAR and TPH COneefiuation~~ nOt 
between P AH and total organic carbon concentrations (data not shown). 

The highest total PAH concentration detected was 166 mg/kg. taken from a 
street comer in Boston. The next highest PAH concentration was 109 mg/kg, 
taken at the base of a telephone pole. Four of the 60 samples were taken at the 
bases of telephone poles, with widely varying results. The total PAH concen
trations in the other dlrcc locations were 62, 4, and 45 mg/kg. 
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TABLE 5 
Summary Statistics for Metars. TPH. and Solis by Clly 

Boston Providence Springfield 
(n = 20) (n = 20) (II = 20) 

Arllhmellc Upper 95% Mlhmetlc Upper 95% i~rllhmetlc Upper 95% Arllhmellc mean 
mean Inlerval mean Interval mean Interval In U.S. soH~,' 

Compound (mllikg) (mIlJkg) (mgJkg) (mlllkg) (mglkg) (mIlJkg) (mg/kg) 

Arsenic. 10111 4.20 5.59 3.53 4.27 5.63 9.23 7.4 
Barium. IOtal 53.95 66.25 45.29 59.43 45.17 51.03 420 
Cadmium. IOtal loSS 2.79 NO NO NO NO 0.25' 
Chromium. total 23.00 27.69 1208 14.35 12.62 14.45 52 
Lead. total 398.70 737.44 305.76 462.98 261.69 377.76 17 
Me,CUI)'. IOta! 0.29 0.39 0.19 0.24 0.20 0.25 0.12 
Selenium. total 0 • .11 0.57 0.39 0.48 0.53 O.sS 0.45 
Total petroleum hydJ:ocarbon.s 474.90 652.62 267.43 338.19 184.38 233.27 
Total solids 90% 939& 93% 95% 90% 92% 

ATSDR. 19n.l'ubUc HUl/lh Mmm.nt Gui"" ... Man",,/. PBn·I·47164. U.S. Department of Health IIld au...., Servite.l. 
• ATSDR. 1991. To,ioologlcall'ro/il.!or Cadmium. PBn·147164. o"ft. U.S. Department of Health and Human s.m .... 
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TABLE 6 
ComparIson of Background PAH Concentrallons In Urban Solis: The Effects of ProxImity to Pavement 

A •• una of stau.Uee' enll'ysll 

Tnt lor homcgenefty of YltrJ.noe. TlSt 01 f'quaflty 01 mtln. 
HiI!.r pa .... ment tlo, neIF pavement ntatl,trcally S,eUsUcally 

Arlthrnetlc Arlthm.llc Auoclated .Ignlncant at A.saclaled .Ignilicant Ie 
mllln S/I.d"d mel. Sllndard Slmpl, F· degress of 0,051 ••• 101 Sampl. degrees 01 0.05 ,.".1 or 

COmpound (pp;m) deviation (ppm) devlaHon !t1I1f.sllc. fl1!edom .IgnlflCllnce S1udenl·. t fnedom .Ignlflclnc. 

To~1 B(.)p·'TE U 4.2 1.1 0.91 21.3 41.11 Y .. 2,69 50 Y .. 
Total PAIl 21 .. , 30.7 U 7.2 IU 41,11 r .. 2,69 50 V" 
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IV. CONCLUSION 

lIn this study~ 20 surfa.ce soil sa.."l1ples were coHectcd from each of three New 
England cities and analYl:ed for PAH. TPH. and metals. The results of !he 
statistical analyses described in !he previous section show that, with respect to 
PAH, !he thrce datasets are no! significantly different and can be considered as 
one dataset representative of urban environments. The samples were taken in 
typical urban areas but not near lcnown industrial sites. Therefore. these data are 
considered to be representative of the gencrali~ed effects of urban activities. 

It is clear from the results presented here that common regulatory target 
cleanup levels for ePAH and B(a)P-TE (0.1 to 0.66 mg/kg) are much below the 
background concentrations of these compounds in urban suIface soils (upper 
95% confidence interval of 3.3 and 12.4 mgJk:g for total B(a)P-TE and total 
cPAH. respectively). Figure 2 graphically compares the "bright line" target 
cleanup lIwel for B(a)P of 0.1 mg/kg with the total B(a)P-TE (upper 95% l confidence interval on the arithmetic mean) measured in urban environments. 

Parts Per Million . (ppm) 

6 

-i-----1- 4 

5 

---I- 3 

4 

---+-2 
3 

2 

1 

'0.1 ppm 

FIGURE 2. Comparison 01 B(alP·TE with U.s. EPA Region III' risk-based concentration 
lor B(alP. B(alP data presented are the upper 95% confidence inwval on the arithmetic 
mean. 
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npper 95% confidence intervals arc compared because this is the statistic 
preferred by EPA and many states for risk assessmcnt. Moreover, the State of 

~~S:ra~;~~:n~~~~~: N:n~a:~~~~U;1!.:~~~~=':o~!c~~~:~r~~y~;:C~~~ 
sells Department of Environmental Protection. 1992). For all cities combined, 
the background level of B(a)P-TE of 3.3 mg/lcg is approximately ten times 
greater than the target cleanup level of 0.33 mg/kg and approximately 30 times 
higher than the targel cleanup level of 0.1 mglIcg. For those regulatory situa
tions in whieh the use of B(a)P-TEFs in determining site risk is not allowed, 
the background level of cP AH is approximately 40 to 100 ti mes greater than 
these target cleanup levels. 

An analysis of the data comparing samples taken near pavement with those 
determined to be not near pavement indieated thai: those samples designated near 
pavemcnt had significantly higher, approximately threefold higher, PAH concen
trations for both total PAH and total B(a)P-TE. This is most likely due to the 
presence of diesel and automobile exhaust particles, perhaps influenced by the 
presence of asphalt and runoff of vehicular oil from the roads. 

Total petroleum hydrocarbons (TPH) were also found at consistently high levcls 
in each city. TheconunonJy applied regulatory cleanup level forTPH is 100 mglkg. 
This cleanup level is nOI risk based and is three times lower than the background 
concentration ofTPH found in this stUdy (arithmetic mean of 306 mglkg and upper 
95% confidence interval on the mean of 373 mglkg). r It is incumbent upon the regulatory agencies to recognize that substantial I ~ckground levels of PAR and TPH exist in our urban environments and to 

U
a .... k:nOWledge ta'1is ir..fOur..atiOfi in we deveiopment of realistic target cleanup ievels. 
The use of these background data in setting more realistic target cleanup levels may 
result in better allocation of remedial and regulatory dollars in site investigations. 
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DRAFT 

Memorandum 

TO: 
FROM: 

Tony Hunt 
BoSafe 

803 856 0107 P.02/04 

RE: Proposed method for comparing site sample values to background values for 
surface soils. 

Part 1 - Inorganics (Appears as Appendix J ~ Fin3J. RFI Report for Zone H, NA VBASE) 

~Tt , _ nrG~n~"'Q 
-_. - - .. 0-..... ..... 

Substantial levels of organic compounds from narum and anthropogenic sources are present in 
urban environments. Polynuclear aromatic hydrocarbons (PAHs), in particular, are ubiquitous 
in many urban soils. Sources of background PAHs include forest fi.res and volcanoes as well 
as vehicular and industrial emissions, wood treatment, and waste incineration. Bradley, et al. 
(1994) documented benzo(a)pyrene concentrations averaging 1323ILglkg in background samples 
of surface soil from three urban areas in New Bngland. Corresponding concentrations of 
bellZO(a)pyrene equivalents (!SEQs) from the same samples were 2437 /Lg/kg. Responsible risk 
management decisions and target cleanup levels for urban sites must consider the potential for 
non-site-related concentrations of organics. This -memo discusses the problem as it relates to 
carcinogenic PAHs at NAVBASE, Zone H. • 

Determination of background levels f<lr PAHs such as benzo(a)pyrene (B(a)P), and other 
infrequently detected contaminants poses a greater challenge than· determination of background 
levels for inorganics. The low rate of detection means that little information is available on the 
majotity of samples, so that parametric assumptions are difficult to verify. Nonparametric 
methods are more appropriate, but simple tests like the Wilcoxqn rank sum test for comparing 
two groups, which was used for inorganics, are not valid where nondetect rates are high, since 
the majority of the data (the Dondete..cts) must be ranked as ties. We therefore concenL-ate on 
the standard "2 X Background" test recommended by USEPA and on non parametric tolerance 
limits as discussed in the previous memo (Zone H RFI Report, Appendix 1) covering inorganics. 
For illustration, the BEQ results for Zone H surface soil grid samples will be examined. Of the 
101 samples in this dataset, 19 samples reported detections of at least one carcinogenic PAH. 

The "2 X Background" comparison uses twice the mean concentration of the background 
samples as a reference standard. To apply this rule, a concentration must be estimated for 
nondet;!cts. The Zone H .RFI Risk AssessInent recommended using the lower of one .. haIf the 
SQL value or lowest estimated (J-flagged) detected value as the estimate for nondetects. 
Applying this procedure to BEQ values in Zone H background samples results in an estimated 
mean concentration of 212 p.g/kg, thereby yielding an estimated background level of 424 p.glkg. 

1 
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Because many SQL values for nondetected organics are substantially higher than the lowest 
detected values, using one-half the SQL without adjusting for lowest estimated detected value 
gives an estimated mean concentrntion of 1910 fig/kg. Using the mean of only the detected 
values gives an estimated mean concentrntion of 1430 flglkg. This range of estimated mean 
values shows that calculation of a background number depends strongly on the manner in which 
censored data are used. 

Another option is a nonparametric tolerance limit, which directly estimates a quantile of the 
underlying background distribUtion, using the actual data collected. Nonparametric methods 
generally require greater amounts of data to draw comparable conclusions, but this approach is 
possible with the laIge sample sizes used i.n Zone H. Calculation of a nonparametric tolerance 
limit is a two-step procedure. The first is to directly calculate the equivalent percentile in the 
sample data, and the second is to allow for sampling variability. With an infinite amount of 
data, we could estimate the tolerance limit directly, with complete acc!!racy; when estilnating 
from sample data, we must account for variability. If we assume that all nondetect values are 
lower than the detected values, the 95th percentile ofBEQ values in background samples is 1028 
fig/kg. The 90th percentile is 310 flglkg. 

As mentioned in the previous memo, the 95th percentile nonparametric upper tolerance limit 
(UTI..) for this sample size (95 % coverage, 95 % confidence) is estimated by using the second
highest data value (USEPA, 1992, Table A-6). For the example dataset, this value is 2006 
Jlglkg. .AJthough a LTTL with 95 % coveJ.C1ge has been used as the background estimator for 
inorganics at NA VBASE, a UTL with 90 % coverage might be considered more appropriate for 
organic compounds, for added conservatism. Unfortunately, USEPA's statistical tables provide 
coverage percentages for only the largest and second-largest values in datasets of various sizes, 
so that data values corresponding to lower coverages cannot be identif'Jed. Nevertheless, the 
sampling variability in this estimate may still be calculated using the statistical technique known 
as the bootstrnpl. Applying bootstrnp techniques, using the "BCANON" code in the statistical 
language S-Plus (developed by the authon mentioned in footnote I), an upper tolerance limit for 
the 90th percentile (90% coverage, 95% confidence) was determined to be 814 flg/kg2. 

From this discussion. therefore, we have three potential estimators for organic background 
concentrntions: 

Type 

2 X Background 

90% UTI. (Bootstrnp) 

95% UTL 

Value (pglkg) 

424 

814 

2006 

Choosing an appropriate technique to estimate background screening levels of organic 
compounds is a risk-management decision. Although a particular technique will likely be 
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selected resulting in specific background values for PAHs and possibly other organics, the full 
range of concentrations in grid-based samples as well as potential anthropogenic sources should 
be considered in the risic management decision making process. 

The bootstrap is a simulation-based technique that has been shown capable of producing 
confidence intervals for a wide range of statistics. Very briefly, the bootstrap uses resampling 
from the observed data values with replacement. In other words, a data value is picked from 
all data values, its value observed, and then returned to the pile. This procedure is repeated 
until there are as many resampled data points as there are data points. This resampled set is 
called a bootstrap sample. The value of the desired statistic is then calculated from the bootstrap 
sample. If this procedure is repeated a number of times, an approximate distribution for the 
statistic is constructed. A confidence interval may then be calculated from this distribution. It 
can be shown that these confidence interval~ are ext..remely accurate, pa..Tticu!arly if a somewhat 
refmed version of the simple algorithm is used. Several introductory treatments of these 
techniques are available. All 111l1'Oducrion to the Bootstrap by B. Efron and R. Tibshirani is 
especially good and quite readable. 

2 The bootstrap may also be used to calculate the 95th percentile UTL, giving a value of 
1850 JLg/kg. Theoretical derivations show that this upper limit is probably more accurate than 
the value of 2006 JLg/kg derived from the table. 
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